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ABSTRACT

Connecting heterogenous computer systems via local area

. netvorks presents a challenge to software designers for the
5y development of effective, reliadble, and modifiadle network
» communication software.

B This thesis presents a set of hierarchical program

modules written for use on any INTELLEC MDS microcomputer

:S development system, running the CP/M-80 operating system, to
g allov the system to become part of an Ethernet local area

'; network. These program modules were written to not omnly

%ﬁ obey the principles of software engineering, dut to also

3 reflect the same functional hierarchy as the International

. - Standards Orzanization Open System Intercomnectioa (ISO OSI)

‘& architectural reference model for computer networks.
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I. INTRODECTION '

i

A. DISCLAIMER

Many terms used in this thesis are registered trademarks

IR, T

MDARSS  -| U DR JULIN P

of commercial products. Rather than attempt to cite each

individual occurrence of a trademark, all registered trade

LI FLPLRe s

marks appearing in this thesis are listed below following

the firm holding the trademark:
Digital Research Incorporated, Pacific Grove, California

L L

CP/M-80 Operating System
CP/M-86 Operating System
PL/1-82 Programming Language

Wl oV, 2 4]

PL/1-86 Prozramming Language
LINK-80 Linking Utility

LA A%

XLT-86 Code Conversion Utility
Intel Corporation, Santa Clara, California
INTELLEC MDS Microcomputer Development System

Multidbus Bus Architecture

2 § 0% b Ny

'

8080/8086 Microprocessors
808¢ Assembly lLanguage Programming Languaee

=Y ISIS-II Operating System

4 ‘;.

IAPX~432 Development System
Digital Bauipment Corporation, Maynard, Massachusetts

VAX 11/79¢ Minicomputer

T EET
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VAX/TMS Operating System

Interlan Corporation, Chelmsford, Massachusetts
NI3019 Ethernet Controller Board

Xerox Corporatioan, Stamford, Connecticut

Ethernet Local Area Network

B. BACKGROUND

The connection of heterogeneous computer systems via
some form of network, to perform various data processing
tasks where data or resource sharing is important, is an
extremely active topic for both hardwvare and software
designers.

The International Standards Organization Open System
Interconrection (ISO OSI) architectural refererce model
provides the general framework in which computer network
systems are designed to operate. This seven-layered,
hierarchical description of functions was developed to
provide a vehicle for the later development of a set of
specific network protocols. The hierarchical nature of this
model compares favorably with the techniques of hier-
archical, structured design of software that are bdeing
taught and implemented today. The logical conclusion of the
above comparison is to use the functionally layered frame-
work provided by the IS0 OSI model as a guide for decidinz
how to modularize the communication software necessary to

allow host computers to bde ccnnected via a network.




7 C. PURPOSE

The main purpose of this thesis is to comnstruct a soft-
vare interface to the CP/M-80 operating system so that files
and messages can be transported detween various host systems
via a Local Area Network. The structuring of this software,
to reflect the layers of the ISO model, allows modifications
to the network softwvare to be more easily made.

This thesis presents a set of PL/I-83 and Intel 8080

Assembly Language modules that, when linked together, allow
: INTELLEC DS users to communicate via an Ethernet Local Area
ii Network. The complete set of software developed also

g includes two programs that can bde used to troudleshoot or

test the Sthernet hardvare. The communication program

allows INTELLEC MDS computers connected to the network to:
1. Send messages or files to other hosts.
2. Recelve messages or files from other hosts.
3. Become a terminal of the VAX 11/7890.
4. Command file transfers to or from the VAX.
Additionally, the communication software will provide
faster data transfers between host machines than the direct
host-to-host serial communications methods currently used.
This thesis is divided into four chapters. Chapter II
discusses computer networks in general. The Ethernet is
presented as a specific example of a Local Area Network.
,i The Interlan hardware is also discussed as an implementation

of the Zthernet. Chapter III deals with the details of the
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Ethernet communications software. The topological, hard-
vare, software and performance issues are presented in
detail. cChapter IV presents the conclusions drawn from the
netvork realization and discusses possible areas of future

grovth and performance enhancement.
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A. DEPINITION

Computer networks are defined to be collections of
interconnected, autonomous computers. A computer network
can also be a grouping in which the required processing
functions are dispersed among several of the attached
hosts. [Ref. 1: p. 2]

Computer networks are classified by their length.
Networks whose attached hosts are farther than a few kilo-
meters apart are considered Long Haul, while shorter networks
are considered Local Area. Networks are also classified by
the nature of the hosts connected to them. Homoreneous
networks consist of like hosts, while heterogeneous networks

consist of dissimilar hosts.

B. PURPOSE

The main reason that the subject of computer networking
has rapidly achieved prominence is that networking provides
a workable solution to data processing problems where the
sharinz of data or other resources is important. Netvorking
can also enhance the fault tolerance of an activity’s
computational assets. Loss of any host, connected to most

Local Area networks, would not affect either the other hosts

or the network itself. [Ref. 1: pp. 3-4]
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Current trends seem to point to the Qerging of persoral
computers with Local Nefworking to form what one author calls
“community microcomputing" [(Ref. 2: p. 60]. This refers to
the interconnection, via a Local Area Network, of a set of
microcomputers that may, as a netwvorked group, enhance the
price/performance ratio for the using activity wken
compared to ianstalling a single, large mainframe computer

[(Ref. 1: p. 5].

C. THEORY
The most generally accepted model of computer network
architecture is the International Standards Organization
Open Systems Interconnection Model (ISO OSI) medel. This
model is a set of hierarchical functions and protocols that
are necessary to allow computers to communicate via a net-
work. The seven layers and their definitions are listed
below: [Ref. 1: pp. 15-21]
1. Physical Layer - This layer provides the actual
connection between hosts. It provides the bit
stream transmission across the networt medium.
2. Data Link Layer - This layer performs error detection
and correction, address recognition and flow control.
This layer alsc provides data framing if necessary.
3. Network Layer - The network layer provides logical
channels between two endpoints in a network. This
layer forms the data into packets for transmission.
4, Transport Layer - The transport layer provides the
network with single, group, or droadcast addressing
modes and sets up virtual circuits between hosts.

5. Session Layer - This layer contains the functioas
necessary to perform address conversion., This layer

15
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N
j: initiates, bdinds, and terminates the dialogue bdetween
s hosts.
.
6. Presentation Layer - The presentation layer is maialy
(5 concerned with convertine and transforming the data
or passed to a user. This layer also coatains the fiie
. transfer and virtual protocols.
o
X 7. Application Layer - The application layer, the highest
in tre molel, is wvhere the user interface to all the
N network services resides. The lower layers exist only
ﬂ to support this layer.
fﬁ Many computer networks with layered protocols exist, bdbut j
.~ their layers may not match the ISO model exactly because
Z; some of the ISO functions may not de necessary. The
:; development of the model came about due to the need to
- standardize netvork description. The main factors that
N, ]
~ motivated the designers vere: [Ref. 1: p. 15] 4
~!' <
:f ) 1. To create a layer vhere abstraction was necessary. ]
[
” 2. To give each layer a well defined function. |
iﬁ 3. To keep the information passed between layers to a
" minimum.
3
v 4. To create only a minimum number of layers to decrease
N complexity.
fﬁ The above design principles are the same as the software
r“ enzineering principles of abstraction and modularity. The
e hierarchical structure also compares favorably with the
.
f structured programming techniques of software design that
-
k) are currently being advocated. [Ref. 4: pp. 58-60]
a2 The ISO OSI model is shown in Figure 2.1. The main
-
2 concepts of the model are: [Ref. 8: pp. 28-29]
'~ 1. Fach layer only interacts with the vertically
- ad jacent layers through well defired interfaces.
2
¥ 16
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Changes to any layer can thus be accomplished without
changing the other layers.

Two basic protocols exist per layer. The first is the
vertical protocol between layers. The second is the
horizontal or peer protocol between transmitting and
receiving layers of different hosts that allows
virtual communication to occur between those hosts.

Nome 0f unit
waChanyed

Application protocol ’ lie
MpIICEs L e - - - w - - - - - - e - o Nessaqe
tion bl
: ’

Fresenrtation proiocod
PIOSEntd~ L o e = e = = - - - o = em = = - { tesence- | Nessage
' zion

taon . —.

Sessrut - . e s e = e ® e w = e = - = e wssior nesseqe
- .

bdession ptotocol i

Transpost Lrotucol
TIaNSPOIL e = = @ = @ =@ = = - @ @ @ e e e =G» anShoOrt | Nesseye
I Comsunicetion subnet boundery -—T
Networ! [ge = o4 @ Netwusd =] Networs oo | = & Netwerh Fac ket
I lnternel subnet protucol !
Lates ling -* - .1 Lata laina J Uata lainks poo = = o= Lata link | trame
1
Physical Physacel Fhyslical r————— Physicel Bt
nost A nost B
L 7
L Netwura lever! nhost - 1MV protocul
Luoto 1ank Jayer host - 1MP nrotecol

Pnysicel leyer hoat - IMP protocel

Figure 2.1 IS0 Reference Model

The flow of data in the network model tesins at the top

layer of the sendineg host. As the data is passed down the

sending host’s layers additional information, either bits or

bytes, 1s added to the original data urtil the lowest layer

17
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is reached. At the lowest layer, the data and added
information is sent on the network medium. The receiving
host then performs the reverse process on the received
information by passing it up the ISO layers until all
that remains, after again reaching the top layer, is the

original data.

D. LOCAL AREA NETWORKS
Computer networks, as previously mentioned, are
classified as either Long Haul or Local Area. Local Area
networks are characterized bdy: (Ref. 1: p. 226]
1. A length of no greater than a few kilometers.

2. A data rate in excess of one million bits per second
(1 Mbps).

3. Ownership by a single organization.

Two techniques of transmission medium access are being
considered for standardization by the Institute of
Electrical and Electronic Fngineers (ITEE). The proposed
IEEE Standard S22 endorses both the token passing and
carrier sense methods of Local Area Network medium access.
Token passing consists of not allowing any host on the local
network to transmit on the medium unless it has possession
of a token that is passed in a predetermined order from one
host to another. The carrier sense method allows each host
equal access to the network. This scheme allows each host
to detect the occurrence of any other transmissions on the

network and allows the host to wait until the medium is

18
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%f clear bdefore transmitting. If two hosts try to transmit

L simultaneously, they will each detect the collision and wvait .
e an independent, random interval before attempting another |
$§ transmission. Ethernet is an example of a carrier sense i
& network. [Ref. 5: p. 31)

I '
R E. ETHERNET :
§3 Specific details of Ethernet Standard - Version 1.0 are: ]
o (Ret. 6: p. 1]

iéf 1. A data rate of 19 Megabits per second (10Mbps).

:i 2. A maximum host separation of 2.5 kilometers.

3. A giansmission medium consisting of a shielded coaxial
" Ca e-

5§ 4. A topology consisting of an unrooted tree. :
- 5. Link control via fully distriduted peer protocol with d
8 statistical contention resolution. F
E§ 6. A message protocol of variable size frames. J
Iﬁ Additionally, it must be noted that the Fthernet

) Standard does not provide for either error correction, data

3§ encryption, or priority access to the network medium. At

.5 any point in time, only one transmissior can occupy the

52 medium. [Ref. 6: p. 5]

23 One current implementation of an Ethernet network is the

:? E-BUS system developed by E-Systems Incorporated. The E-3US

*i implementation differs from the Ethernet Standard in that

ES it provides for transmitted frames to be acknowledged. The

f? E-BUS also provides multiple coaxial cables to increase both

i
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the effective bdandwidth and the overall fault tolerance of

the network. [Ref. 10: pp. 77-78]
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A. TOPOLCGY

The Ethernet Local Area Network implemented at the
Computer Science Department of the Naval Postgraduate School
consists of three connected systems:

1. The VAX 11/780 (VMS operating system) minicomputer.

2. An INTELLEC MDS system (CP/M-80 operating system),
vith attached doudle density disk drives, that
functions as the input/output processor for the Intel
IAPX 432 32 bit microcomputer system.

3. A second INTELLEC MDS system with attached single
density disk drives. (Also CP/M-8¢)

This thesis presents the software nrecessary to allow the
above CP/M-8C based systems to communicate via the network.
The softwvare necessary to allov the VAX 11/782 the same
communication capabilities was written by Lt. Thawip

Netniyom [Ref. 9].

B. HAERDVWARE
All the hardvare needed to inplement the above network
was provided by the Interlan Corporation. The hardware
needed to connect each INTELLEC system to the network was
installed as follows: [Ref. 7: pp. 7-13]
1. The base port address switches and the priority and
inaterrupt jumpers were set on the NI3@21¢ Zthernet
controller board as shown in Figure 3.1,

2. The NI3012 was then inserted into the INTELLEC system
in an odd-numbered slot in the Multibdbus.

21
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3. The NT1@ transceiver wvas installed across the Ethernet
coaxial cabdle and the cabvling that connects the NT1¢
to the NI3212 was connected as shown in Figure 3.2.
The above mentioned hardvare provides the ISO layer one

and two functions. The Physical Layer functions provided bdy

the transceivers and connecting cables are: [Ref. 7: p. 2]
N 1. Supvport of a 10 Mbps data rate.
Iy 2. Bit stream zeneration through Manchester encoding.

3. Media access control.

b9 f
:‘ T -t
_: E""

< el FPigure 3.1 NI301¢ Switch and Jumper Locations

The Data Link Layer functions provided by the NI3910

board are: [Ref. 7: p. 2]

1. Data encapsulation/decapsulation (framinz).

. ". L .
. i!&

LA

2. Address recognition.

e,

td

3. Transmit and receive data link management.

S
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The NI3012 operates both as a slave to the host computer
and as a master processor when controlling the direct memory
access (DMA) operations between the NI3212 buffers and the
host computer’s memory. The transmit function is command
driven by the host, while the receive function is interrupt
driven. Control of the NI3212 by the host is accomplished
by programming the host to load commands, addresses, byte
counts and interrupt enable values into registers oanboard

the NI3@128. [Ref. 7: pp. 69~75]

mu-nm e r-l
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Figure 3.2 Ethernet Architecture and NI321¢ Implementation

A complete 1list of NI3@10 commands is located in
Appendix A. A table of the NI3012 registers can be found 1ir
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o Appendix 3. After issuance of any command, the host must
P
- check for a value in the Command Status Register. The
A execution of the command only occurs after this read
-
;Sg operation has been accomplished. Tue details of the read
» operation are as follows: [Ref. ?: pp. 70-72]
T 1. The host issues a command.
RS
-2 2. The host checks the Interrupt Status Register to
N check 1f the least significant bit is a one. If the
; least significant bit is a one, then the host reads
the value in the command Status Register.
;E: 3. If the value in the Command Status Register is a zero
o~ then the command executed successfully. After the
¥, host bhas issued a Load, Transmit, and Send command,
: a value of one is also considered a success. Any

other value represents a failure. 4 listing of
Command Status Register values is located in Apvendix

c.

The Command Status Register must also be read at the

NN

bezinning of any program written to control the NI3212.

£ 4
L]
x

This register must be read at this time because the NI3¢1¢

2‘ automatically performs it”s dbuilt-in diaznostic routines

s each time the board is powered up or reset. The automatic
'-\

I testing places a value in the Command Status Register that
?* must be read to clear the register before any other commands
A can be given to the NI3214.

Ei The NI32102 transmit function is accomplished in the

i ‘{.'

jﬁ following manner: [Ref. 7: p. 85]

o~ 1. The host loads a block of memory in the format shown
RNy in Appendix D for each frame to be transmitted.

A ':~.

s 2. The host loads the three NI3Q10 address registers with
" the first address of the host memory dlock.

-
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3. The host then loads the two NI3@1@ byte count
registers with the number of bdytes in the data block.

4. The host then enables a Transmit DMA Done (TDD) |
interrupt by vwriting a value of 6 Hex into the
Interrupt Enadle Register.

5. The NI13212 interrupts the host once the memory dlock
has bdeen transferred into the NI3@13 transmit buffer.

6. The host then enables a Receive Block Available (R3BA)
interrupt bty loading the Interrupt Enable Register
with a value of 4 Hex. This step allows any pending
received frames to bde handled.

7. The host then commands the NI3%10 to send the frame
by writing a value of 29 Hex into the Command Register
and subsequently reading the Command Status Regzister
as previously discussed.
The NI3210 receive function is accomplished as shown
bdelow: [Ref. 7: p.90]

1. The host enables an RBA interrupt as shown above.

-
K
-
!
Bl
w4
-
-~
>
.
g
B!
-
o
J

2. The NI3212, upon receiving a frame, ianterrupts the
host to notify it of frame receipt.

3. The host then writes a value of ¢ Fex into the
Interrupt Enable Register to disable any other
NI321@ interrupts.

4., The host writes values into the three NI3@21@ address
registers to inform the NI3214 where, in host memory,

to transfer the data.

5. The host then loads the two NI331F dyte count
registers.

5 6. The host then enables the DMA transfer of the data by
writing a value of 7 Hex into the Interrupt Enabdle

. Register.

i 7. The NI3212 then interrupts the host upon completion
' of the transfer. The format of received data in the
~ host memory is shown in Appendix FE.

o

The above steps are repeated for each received frame.

The host 1s then respoasible for whatever further operations

.‘
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must be done with the data. For example, the data could bve
displayed on the console or written to a disk file.

The NI3@1@ also has bduilt-in test features and cac also
support the concepts of broadcast and multicast tracs-
mission. Broadcast transmission allows a host to transmit ;

to all other hosts simultaneously, while multicast allows

transmissior to only a few selected hosts.

C. SOFTWARE

The software necessary to implement ISO layers three
through seven was originally written entirely in 8080
Assembly Language. The final version of the communicaticn
program consists of PL/I-80 modules that perform the
functions of ISO layers six and seven and an Intel 8¢8¢
Assembly Language module that performs the functions of ISO
layers two and three. The ISO layer two functions performed
by the software supplement the functions of this layer
performed by the NI3@814. The primary goals of the software
were:

1. To allow users to run, if necessary, test programs
that will verify the functionine of the hardware.

2. To allow the INTELLEC systems to communicate via the
< Ehternet to any other hosts connected to the network.

determining the major functional divisionas or modules irnto

which a program shouli be divided. A primary consideration,

e L T e 2 "N T
R PRI
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since implementation using the NI3@1@ is interrupt
dependent, was a simple interrupt handling routine. This
routine was the dasis of the first working test program,
ETHTESTA. The interrupt handling module is the basis around
vhich all the succeeding programs were written. ETETRESTA,
an 8083 Assembly Language program, commands the NI3Z212 to
perform built-in tests, one of which sends test data to

the NI3@10 Transmit buffer and back through the NI3310
Receive Data Remgister. This process is called the NI3Q19
Module Interface Loopback mode. Use of this test mode does
not permit the interrupt handling to be done in the same
manner as a normal communication program, nor does this mode
allow data to dbe sent onto the network. The source code
listing of ETHTESTA.ASM is located in Appeniix F.

A process of gradual enhancement was then applied to
upgrade ETHTESTA into a program that utilized the complete
interrupt capabdility as that of a functional communication
program. The follow-on test program, ETHTESTB, performs all
the tests of STHTESTA and, additionally, sends a small block
of data to itself via the network using the Ni3%1¢ Internal
Loopback mode. A source code listing of ZTHTESTB.ASM can bde
found in Appendix G.

2. Communication Between Network

(1a2]

ost

("]

The test programs discussed previously involved the

utilization of only one INTELLEC system with installed

T*thernet hardware. The next logical step was to again

27
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= upgrade the softvare to allow the INTELLEC systems to
communicate via the network. |

Ir order to zive hosts, especially of different

/ “-l‘-

éﬁ architectures and operating systems, the abdility to
:f; communicate via a network involves the development of
?i higher level protocols to handle any differences that may
Ef; arise due to the above factors. Specifically, 4ifferences
* between hosts related to file storaze and frame transmission
N speed are the kind of issues that must be handled by the use
_%§ of protocols. In an Ethernet network, the nature of each
£§ frame sent onto the network must also be encoded so that
:% the receiving host can determine what further operations
;3 . must be performed on the received frame data.
= The primary operating system file storage mismatch
Et in this network implementation occurred detween the VAX/VMS
ii; and the CP/M-80 operating systems. The VAX stores text
. files as variadble length records by text sentence. The
ié VAX, also, does not explicitly store the carriage return and
‘EE line feed characters in the record. On the other hand, the
. CP/M-80 operating system stores all the characters,
g; including the carriage return and line feed, in one lonz
F; continuous file. This file storaze incompatability was
ff resolved by adding format conversion routines to both the
ﬁs VAX and INTELLEC software to convert the data prior to
EE transmission on the network.
2 20
-
o




MBI e e hon e n sl s A a2 i

A transmission versus reception speed mismatch was
discovered in the early testing between the VAX and the
INTELLEC systems. The VAX can send data much faster than
the INTELLTC systems can receive it. The solutiosn tn this
problem was to add a "stop-ard-wait” [Fef. 1: pp. 143-145]
protocol to the ISC layer two functions already performed
bty the NI3012. This protocol was implemented in software
and assures the sendirgz host that the last frame sent was
correctly received. This protocol also prevents a faster
sender from inundatine a slower receiver.

The frame encodinz protocol adopted for our network
is as shown in Table 3.1. These codes are written into the

two Type Field bytes ir “he traasmit data dlock as shown in
Table 3.1 Type Field Protocol

Type Field

' E Interpretation at 3eceiver
Byte 1 ! Byte 2 '

2oH 20F Messagze frame

ce 2F Last frame of terminal reply
20 ¥ Acknowledge frame

gF 20 File transfer~first frame

2% 21 File transfer-middle frame
2F FF File transfer~last frame

Aprendix D. The receiving hosts interrret these two bdytes,
once the data bdlock is in their memory as shown in Appendix

T, to determine what operations must be dcne to the data.

29
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The other protocol adopted was to use fixed data
block sizes rer Ethernet frame. The choices available t»o
the user are:

1. 128 Bytes. (Must te used for all file transfers)
2. 256 Bytes.

3. 512 Bytes.

4. 1924 Bytes.

5. 1520 Bytes. (Used in VAX terminal service mode)

A set of programs, written exclusively inr 8¢8%2
Assemdly Language, was first developed to send short, single
sentence messages from one INTELLEC system to another usine
the above protocols. Next, the file transfer modules were
developed and tested. Throughout the eatire process, claose
attention was paid to maintaining software modularity that
was analogous to the functional modularity of the ISO model.
Software modules that compared directly to ISO layers were
maintained as separate modules and, whenever possible,
revritten in PL/1-82, a hizh level larguage. The final
communication proaram consists of three PL/I-82 modules and
one 8080 Assembly Language module. These modules were
linked torgether, using LINK-8@, into the final product. The
final program, *THZRNET.COM, contains calling seguences that
directly reflect the ISO CSI model structure as shown in
Table 3.2. The source code for all modules can be found in
Appendices H through ¥X. Modules were not written for ISC

layers four and five because these layers are primarily
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frame is ready for sending.

efficiently programmed ir that language.

concerned with Long Haul network functions that are unneeded
by our network. Modules RXCEIVE,SENDFFAM,FEECFRAM,TXMSG arnd
AWAIT are contained in the assembly languaze module because

the functions they are reaguired to perform are more

The actual calling

sequence for the transmit process occurs as follows:

1. ETHERNET: Asks for user to select type of network
service desired and calls SENDATA,

2. SENDATA: Encodes the transmit type field for the user
selected service and calls interral routines to control
the transmission. This module calls SENDFRAM as each

3. SENDFRAM: This module sends each frame onto the network
then calls AWAIT to walt for the acknowledge frame to
arrive from the destination host.

Table 3.2 Comparison of Program Modules aad the ISO Model

the order shown velow:

g

31

IS0 | Transmit Receive

LAYER | File | Message !VAX Modes File | Message

4 ETHERNET.PLI Same RECEIVE(ETHERETEEE;—
6 SENDATA.PLI Same PECDATA.PLI

5 Not Implemented Same Not Implemented

4 Not Implemented Same Not Implemented

3 SENDFRAM(ETHEZF2) Same RECFRAM(ETHERZ2)

2 AVAIT(ETHER2)/Hdwe Same TRMSG (ETHER2)/Edwe

1 NT12 Hardware Same Same Same

The callingz seaquence for the receive process is in

TEINTI I, W T wsy

.
.
.
-
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-
»
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1. ZETHERNET: The user selects the receive mode of network
service and this module calls RECEIVE.

2. RECTIVE: This module waits in a loop for the module )
RECFRAM to receive a frame from the network. Once
the receive data is placed in host memory dy RECFRAM,
a flag is set and RECEIVE calls RECDATA.

AP RN

3. RECDATA: This module decodes the type field of the
received frame and calls internal modules that
handle each 1ifferent type of received data and, as

part of this process, calls TRMSG which send the
acknowledee frame dack to the source.

I

N

The four major functions that the final progranm

performs are:

1. Transmissior ¢f files or messages t0 any other network
hosts.

2. Reception of files or messages from any other hosts.

3. The ability to bvecome a terminal of the VAX 11/722
via the Ethernet.

4. The ability to serd specially coded messages to the
VAX to command it to either upload or download files.
D. OPTFRATION

The operation of test programs, ETHTESTA and ETHTESTB,
consists primarily of invoking either prozram using normal
CP/M-8¢ procedures and followinz the directions presented by
the program. Detailed irstructions for use of the test
prorkrams can be found in Appendix L.

Operation of the communication program, ETHERNET, also
involves invokire the program using normal CP/M-£0
procedures and followinz the menus presented by the prozgram.’
Letailed operating instructions for the usé of the final |

communication program are located in Appendix M.

32
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E. PERPORMANCE

The communication program provides faster data transfer
between network hosts than currently employed metaods.
Table 3.3 demonstrates the improved performance realized
in transferring data between single and doubdble dernsity
INTELLEC systems.

TABLE 3.3 Performance Comparison for Tata Transfers
Between Single and Doubdle Density INTELLEC Systems

iSoftware Used | File Size Time | Data Rate(bps) i
| (MinsSec)| Medium | Effective|

—— ———

| (CP/M-8Q) (KEytes)
SDXFER 136 22:45 622 797
ETHERNET 136 3:3¢ 1Z2M 518¢

- - s e o - - —— -

The data rate of the medium is the rate at which data is
actually sent on whatever medium is being utilized. The
effective data rate is the number of bits of useful data
that was sent divided by the total elapsed time of the data
tranasfer. Data transfers between INTELLEC systems were not
the only ones that showed a significaanat improvement over
methods that were previously utilized. Transfers of data to
and from the VAX 11/782 were also accomplished siznificantly
faster as shown in Table 3.4.

The bdelow presented data shows the improved performance
0f data transfers when the Ethernet network is employed.

Lastly, a serles of experiments was performed to investizate
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the performance limits of data transmission and reception

of the CP/M-8Q2 based programs. The coniitions of the

Table 3.4 Performance Comparison of Transfers Between
VAX 11/78¢ and INTELLEC Systems

!Software Utilized |File Size | Time ' Data Rate(bps) |
1(VAX to INTELLEC) !(XBytes) |{(Min:Sec) !Medium |Effective!
TIAPX 432 Pkg 136 6:40 9622 2720
ETHERNET 136 2:05 1M 8704

(To disk file)

ETHERNET 136 1:35 12M 11452
(To memory bduffer)

experiments were:

1. The stop-and-wait protocol was not employed.

2. The frames would be sent as fast as possible using the
minimum amount of 8080 Assemdbly Lanzuage code.

3. The receiver would rot perform any extra operations on
received 1ata other than that done by the NI3@l@d. No
data was either written to any disk files or displayed
on the console.

4. Testinz was done on data block sizes of 128 and 1500
bytes per EITHERNIT frame.

Testing was performed between two INTELLEC systems and

N and data was collected for both the above data block sizes.
i:: The results of the experiments are shown in Table 3.5.
L

As shown below, the highest data rate achieved was 1.7€4

if Megabits ver second., The time taken in each 6.8 millisecond
hi‘ period was accounted for as follows:
1.2 msec Actual Tata Transmission of 1502 Bytes
~d
\4
e 34
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2 0.5 msec Instruction Execution to Restart Transmit

2 3.5 msec DMA Operation of 150¢ Bytes at 428 KBps rate

\

* 1.6 msec Execution Time of NI3219 Send Command

S 6.8 milliseconds total

>~

*.

S0 Table 3.5 Maximum Performance Data

N ———-

N iData Bytes per Frame | Prame Transmission | Data Rate |

& ! ' Interval I (Zffective) |

! 128 2.7 Milliseconds 379 Xbps

= 15¢¢ 6.8 Millisecords 1.764 Mbps

AV -

,;

i The conclusions reached about the Ethernet performance

¢

;'.3 vere:

2

E? . 1. The transmission speed is limited by the NI3210

’é controller i{itself. The NI3213 Send command required
longer to execute than ejither the actual transmission

A , time of the data or the instruction execution during

s each transmit cycle.

b 2. Although the NI3@1¢ literature claims a DMA data rate

o of 1 MBps, the board could only achieve a rate of 428
KBps. This limitation could de due to the method in

% which the NI3@12 ondoard microprocessor is utilized.
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IV. CONCLUSIONS

This thesis has shown that functional Local Area Network
communication software can be structured according to the
ISO OSI network model. This thesis has also shown that
the performance of the Ethernet substantially reduces the
transfer time of data between connected hosts when compared
to methods previously employed. The sinzle to double
density transfer rate improved by a factor of 7.5 while the
VAX to INTELLEC traasfer rate improved by a factor of 3.2.
The data also shows that efiective data rates can be
improved by faster host processors, but that hosts will be
limited by the rate at which the NI301¢ can transfer data
to and from host memory and then send it. INTELLEC hosts
are also limited in actual network use by the rate at which
data can written to or read from disk drives.

An improvement to the effective data transmission rate

might bde realized by synchronizing the speed between sending

and receiving hosts by some method other than the stop-and-
wait protocol utilized in this thesis. The transmission
rate performance degradation noted above is only aseravated
by using the stop—-and-wait protocol.

The software writtern for this thesis can be adapted to

rur on an Intel 8¢86 bvased system dy followinz the steps

listed bvelow:

i et gt Aaam sl st e o o
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The PL/1-83 source code files can bde directly compiled
using the PL/I-86 compiler.

The 8022 Assembdbly Language source code can either bde
hand-translated or translated by software such as the
program XL7-86 into 8086 Assembly Language source
code. It should be noted that there are differences
betveen the 8¢8@ and 8086 processors that have to 1o
vith hov interrupts are handled that will require some
revriting of the converted code.
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| APPENDIX A
S i
gﬁi NI3212 COMMAND LISTING
Sﬁf
N
Ly Code(Bex) | Command Function ! Feturned Code(dex)
3% 31 Set Module Interface 22
s, Loopback
- 2 Set Internal Loopback 20
o 23 Clear Loopback 20
A
22?_ 24 Set Promiscuous Mode oc
LS ™
25 Clear Promiscuous Mode 22
o g6 Set 3eceive on Error o
3:-\7: Mode
e
W e? Clear Receive on Error 2o
pu Mode
v 28 G0 Offline 292
«
) @9 50 Online 00
AA Run Onboard Diaznostics Diamgnostic Codes as
shown in Appendix C
18 Report/Reset Statistics 232
I~
3 19 Report Collision Delays 22
2¢E Load Transmit Data 29,25
. 29 Load/Transmit/Send Data 20,21,035,35,0€6,28,03
;F 2 Load Group Addresses 20,05,04
2B Delete Group Addresses 20,205,024
A
?32 3F Reset 29
s

Notes: Promiscuous Mode receives all network traffic.
Receive on Error receives even bad frames,
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APPENDIX B

NI3Q10 REGISTER LISTING

Register

Command
Status{Conmanad)
Transmit Data
Receive Data
Status(Interrupt)
Interrupt Enabdle
Extended Bus Address
Hish Bus Address
Low Bus Address
Hizh Byte Count

Low Bus Alddress

Note: The base port address is set on the

the NI3@12.

Location

— e D S . . — G > = - G - s

Zase Port Address

Base Port
Pase Port
Base Port
Base Port
Base Port
Base Port
Base Port
Base Port
Base Port

Base Port

39

Address+
Address+
Address+
Addiress+
Address+
Address+
Address+
Address+
Address+

Address+

P18
228
23H
gs3
2en
29H
AR
233
@CHE
@DE

DIP switch onbdoard
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APPINDIX C
NI3e12 STATUS REGISTER CODES

1. Normal Mode:

Code(Eex) ! Command Status Result

a0 “Swccess
21 Success with Retries

@2 Illegal Command

23 Inaporopriate Command

24 Failure

25 Buffer Tooc Large

26 Frame Too Small

ee Excessive Collisions

2A Buffer Alignment Error

2. Piagnostic Mode:

Code(Hex) | Returned Diagnostic Result
—_ZG - Success T T

21 NM12 Microprocessor Memory

Checksum Error

22 NM19 DMA Error

23 Traasmitter Error

24 Receiver Error

25 Loopbtack Failure

49
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APPENDIX D
TRANSMIT DATA FORMAT

4 e

BAR+ @ | Destination 4ddress &. (3Byte 1) !
= |

+ 1 E Destination Address R. (Ryte 2) |
| _— d

+ 2 E Dest. Addr. C. (Byte ) |
1= -— |

+ 3 | Dest. Addr. D. (Byte 4) i
] ]

| m————————— 1

+ 4 5 Pest. Addr. E. (3yte 5) 3
[Tl t

+5 | Dest. Addr. PF. (Ryte 6) f
! —— 1

+ 6 ! Type Pield <7:9> (Ryte 1) |
| e |

+ 7 i Type Field <15:8> (Byte 2) E
(e B e it 1

+8 | Data-First Byte !
== TS ‘.

] . ]

i . i

1 |

] . ]

: . !

| = e e e e e e |
BAR+RBCR-1 i Data-Last Byte E
] 1

- e —— - —— — o
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APPENDIX E

RECEIVE DATA FORMAT

4 ]
______ — - ——— - )
BAR+ O Frame Status E
____________________ ;
+ 1 Always 9 E
- —es |
+ 2 1 Frame Length <7:2> :
- -—— - i
+ 3 Prame Lenzth <15:8> E
- ——— S — :
+4-9 , Destiration Address{ 6 Bytes) i
) {
+10-15 | Source Address ( 6 Rytes) |
- - o o = o g
+16 Type Field <7:2> i
[] ]
1= - w— e esmem———
+17 | Type Field <15:8> |
- |
+18 Data-First Byte i
——— 1
. i
. H
i
- i
! Data-Last Byte i
|- —— e ——— |
i CRC <24:31> !
|- —————e e e e ——— |
E CRC <16:23> i
2 - :
i CRC K&:15> |
. b !
o s '
200 BAR+FRLTH+J i CRC K@:7> E
AN 1 - e omememen e |
S i L
R
) - -
| i
BAR+BC3-1 | = - —— |

7

'#}?;
ey

Note: Frame length is counted from first destination address
byte up to and includine the last C=C dyte consecutively.
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APPENDIX F
SCURCE CODE COF PROGRAM ETHTESTA.ASM
3 e ae o obe e e e sl s ok ofe de e e o s ol e o ol e o afe e e e s s ale e e e el e ook s el ool o ol ek o e e el s ke Sk e

§ AR o ol e e el e o el o s ke oo e oo ool sl e sl e e e o e ool e o st o o e e e Aok o e
7 ETHERNET LEVEL ONF TEST PROGRAM--VERSION 1.13

y PROGRAM FILE NAME: ETHETESTA.COM- INVOKE CCOMMAND: ETHTESTA

yPROGRAM FUNCTION:(RUN CN 8280 BASED MTS SYSTEM)

;COMMANDS THE NI3@1Q BCARD TO GO ONLINE,PERFORM ITS°
$DIAGNOSTIC TESTS THEN TIRANSFERS A 42 3YTE DATA BLOCK FROM
yADDRESS 9608 HEX TO ADDRESS ¢812 HEX VIA THE MODULE INTEZ-
+FACE LOOPBACK MODE. TRANSFERRED DATA IS THEN DISLPAYED ON
+THE CONSOLE. THESE TESTS ONLY RETQUIRE THT NI3@19 ROARD.
$THE CABLE TO THE TRANSCFIVER NTED NOT EE CONNECTED.

’

sy TESTS PERPORMED:

1.) ONBOAFD DIAGNOSTIC SELF TEST

2.) MODULE INTERFACE LOOPRBACK TEST-VERIFIES THE
FUNCTION OF TEE NI3@1¢2 LESS THE {ECEIVE
BUFFER.

NI3010 ETHERNET BOARD CONFIGURATICH:
1.) JUMPER SET TO INTERRUPT LEVEL S
2.) BASE PORT ADDRESS SWITCHES SET TO
1211 (@032EH).
3.) PARALLEL PRIORITY TO AN ODD NUMBERED
MULTIBOS SLCT.

W@e WE wWe WO WS V8 WO WE Ve WO 9o we

ORIGINAL PROGRAM: 23/19/83
'LAST REVISION: 24/38@/83

-e

?

‘WRITER: MARK D. STCTZE?

’

$ADVISOR: PROP. U.R. KOLRFS

’
$ 2803 afe 246 33 3 20 a3 ol e 390 X6 3¢ o6 20 4e 4e 35e 3 2 2e 3 2 e oK e e e e e e Nesfe e Ak e e e Aeae e oE ek Ik e esle ol A A R e (e X
o e 3fe e afe 2 e 3 3 3K e ic 2k 3 o e ae e e 2 A4 e e e e vle d 2 2k e e e 3 ke 33 e 2o e dede Fe e Ao Je et e Aok sk ek

+MAIN PROGRAM:

CRG 1¢0H
+ NI3@212 REGISTER PORT ADDRTSSES:
CREG ECU ?9380F;CMD REG LOCATICN
SREG EQU 2€B1H;CMD STATUS REG LOCATION
ISREG EQU Q@R5HS INTERRUPT STATUS 3tG
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=
Y
’
N IEREG EQU @CBBE; INTERRUPT ENABLE REG
N EBAR EQU @@BOH; PXTENDED BASE ADDR REG
: EBAR EQU @CBAH;HIGH BASE ADDR REG
P LRAR 50U @OBBE;LOW 23ASE ADDR REG
ORI HEREG EOU 20BCESEIGH BYTE COUNT REG
W LRREG EQU @ORDE:LOW BYTF COUNT REG
5 %otk x0 823 3 2 ek afe 3jeak A afe 2 208 20k e X 3 e 23 3 aje 303k 3k 0k 8 e e ale e ok vieage 3k 24 vl 3¢ o e e afe ke e ol e e e %e o A e sy e e e
;; ;OTHER NEEDED ADDRESSES:
BDOS EQU @C¢e¢SE;BDOS ENTRY POINT
ach CEREG EQU @720H; COPY OF INTERRUPT ENARLE REG
o LASTM EQU @9¢2H; ADDR OF INIT STACK PTR
: ::.r § 3e3ie e e e e 2 e ke 24¢ 246 25% 28 e 3 2 e e a4 390 2k 248 3 24 e e 3 e 20 0c 340 e e 2k e e 8 ade e e e e e e e e o e 3 3008 ofe e ek R koK
P s NEEDED BDOS COMMANDS:
-~ CONSIN EQU @133CONSOLE CHAR INPUT
CONSOUT EQU @2H; CONSOLT CHAP OUTPUT
A PSTRING EQU @9E3;PRINT TEXT STIING
:',: H AR 28348 3 308 3¢ 24x 236 34 Ak 3 03 20 348 30K e 3¢ 28 2 K¢ e 308 KE AR AX 32 k3 e 3¢ 2% WeAX 27 0 3 A4t 3% M R0k A 3 HL K 2K 2K AC Ax 2 g e e e Xe XK
N $CLEAR COMMAND STATUS RFGISTER 3Y READING
IN SREG
{:" § deae e e afe e e el o 2320 25030 38 30 3 2 2 2 e 30 3 ok e e e e e e A e e sieade e e oo e e ek e e ek e sk ke diesie ol sk K
- ;LOAD JUMP INSTRUCTION FOR INTERRUPT HANDLER: (INT 5)
P MY1 A,0C3H;IJMP INST CODE
0 STA @928% :LOAD IT IN ADDR 2028 HEX
3¢ LXI H,INTHDL
b SHLD ¢@29H
N o slcalesin e e o s e te ot eade oot e o o ale e 24t o e e e e e e e ke e 3 o e ale e 3k e 2k e ol 7K 36 e A 20 200 00 o 3o e o XK
; $OUTPUT INITIAL MESSAGE:
2y LXI D,BMSG
N MVI C.PSTRING
A CALL BDOS
- CALL CRLF
. ;SET UP INTERRUPT CONTROL: .
l MVI 2,212F
> ouT @FDH
»] MVI A,@DFH; ENABLF INTERRUPT 5-ETHERNET BOARD
& oUT grCH
’,: H e ie e 25e 3 e e 224 4 e e 2t 20 e e i s e 25e 30 e 33 e 4 2 e 23 ake ek 2 9K e e ok ie ik e e A e e Ak e e ale e it ok el alk ek Kk
4 sLOAD TRANSMIT DATA BLOCK-FIRST 3 BYTFS ASSIGNED 3Y XIPOX:
MY I A.02H
o STA groQY
e MY I A,07H |
- STA 2601% !
p s MV I A,01H |
x4 STA 26028 |
$LOAD INTERLAN ASSIGNED LAST 3 BYTES HFRE: l
10% DESTINP CALL CRLF
e 1XI D,DMS%0 |
WY MVI C,PSTRING !
N CALL BDOS
2N CALL CRLY
LXI D,DMSG1
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MVI C,PSTRING

CALL BDOS
CALL CRLF ;
LX1 D,DMSG2 {
MY I C,PSTRING X
CALL BDOS
CALL C2LF y
MVI C,CONSIN;READY FOR CHOICE :
CALL BDCS .
CPI 314 |
JZ DADDR2 &
CPI 32H ¥
JZ DADDR1 3
CALL  CR2LF j
LXI D,DMSG3
MYI C,PSTRING
CALL BDOS
CALL CRLF
JMP DESTINP
DADDR1 CALL CRLF ;IF¥ ADDR @@-23-EA SELECTED LOAD IT:
MVI A,200
STA e603H
MYl A,038 ;
STA PER4H :
MV A,2EAR X
STA ¢605H )
JMP ADDIN ;
DADDR2 CALL CRLP ;IF ADDR @@-P4~@A SELFCTED LOAD IT: i
MVI A,00F ]
STA @603H
MY T A,24F
STA P62 4H
MV I A,0AH
STA @6¢5SH
;LOAD TYPT FIELD- 2 BYTES:
ATDIN MV 1 A,008
STA P626Y
MV 4,809
STA @627H

yNOTE:FOR THBIS TEST THE ACTUAL DATA IS IN ADDRESSES
) 2608-0632HEX FOE TRANSMISSION
§ 28300 4020 0 020 0020 00 000 6208 30 30 2 20 3 22 20 000020 48 X0 00300 2 3 0 2 e e X8 o AR e A R e e R A R KN 0

+READ IN THE TEST DATA:

MYI C,PSTRING
LXI D,PMSG
CALL BDOS

CALL CRLP
CALL CONIN
CALL CRLF

$GO ONLINE UPON POWER UP:
LXI SP,LAST™

b




ElI

MVI A,09H3CMD TO GC ONLINE
ouT CREG
LXI D,0LMSG
MVI C,.PSTRING
CALL BDOS
CALL CRLF
CALL READ
+RUN ONBCARD DIAGNOSTICS TEST:
MVI A,9AH; CODE FOR SELF TEST COMMAND
ouT CREG
LX1I D,STMSG
MYI C,PSTRING
CALL BDGS
CALL CRLP
CALL READ
tRUN MODULE INTERFACE LOOPBACK TEST:
MV1 A,A9F; GO BACK ONLINE
og? CREG
Xl D,0LMSG
MVI C.PSTPING
CALL BPosS
CALL CRLF
CALL READ
;LOAD INTERRUPT ENABLT REGISTER=4. SET TO RECEIVE DATA.
DI
LXI B,CEREG
MVI A,04T
MOV M.A
ouT IER®G
El
}RUN COMPLETE MODULE LOOP TEST:
MYI A,P1H: ENTEE MODULE LOOP TEST MODE
ogT CFEG
LxI D ,MLMSG
MVI C.,PSTRING
CALL BDOS
CALL C2LF
CALL PE4D
CALL TRMSG:TRANSMIT TEST DATA BLCCK
LXI D,TRCMSG
MVI C,PSTRING
CALL BDOS
CALL CRLF
CALL READ

PERREERECRRDAKRRRSE TFST ONLY-MODULE LOOPBACK ¥ dsdssmoisscns
7 THIS PATCH ENABLES DAT® TRANSFEE TO HOST MEMORY IN TEST

DI

MVI
LxI
MOV

A,87%
H,CEREG
M.A




&

1 SCASAR
B _._a

W 4

ou?T IEREG

;**********gilt*******#*****#****#****#************##*******
MVI A,B3H7CLEAR LCOP TEST MODE
oUT CREG
Lx1I D,CLMSG
MVI C,PSTRING
CALL BDOS
CALL CRLF
CALL RFAD

+GO BACK ON-LINE
MVI A,20%
ouT CREG
LXI D,0LMSG
MVI C,2STRING
CALL BDOS

CALL CRLF

CALL READ
$DISPLAY DATA TRANSFERRYD VIA ETHERNET BOARD TO CRT:

MVI C,PSTREING
LXI D,LMSG
CALL BDOS

CALL CRLF
CALL CONOUT
JMP @ 7RETURN TC OPERATING SYSTEM

+ END OF MAIN PROGRAM
3 Aeaal a2 e o o e e o e o e e 2 5 e s e afe e e o e e ol el o i sl e sl ke sl el e o s e ok e ek e sk o e e

3 Sealal e g e ek o e oK o e e o e ke e st e sk el ol sl el s e ek gl o e e e o e el e e e e e s o e
i TRANSMIT SUBROUTINE:

TEMSG DI
s LOOP UNTIL INTEFRRUPT ENABLE REGISTZR =2 OR 4:
LooP LXI R,CEREG 7 CYECK IF NI3Q19 BUSY
MoV AM
CPI @28
JZ CONT
CPI 24F
JZ CONT
El
JMP Loo?
CONT DI yDISABLE INTS. AND CHECK AGAIN
LXI H,CEREG
MOV AM
CPI oen
JZ CONT2
CPI @4H
JZ CONT1
®I
JMP LOOY
CONT1 MVI A,20F
LXI H,CERTGS DISABLE THAT NI3@12 INTERRUPTS
MOY M,A
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00T
EI
ADDR1 FQU
ADDR2 BQU
ADDR3 EQU
MVI
ouT
MVI
00T
MVI
ouT
MVI
ouT
MVI
ouT
DI
MVI
LXI
MOV
CUT
3 ¢
DONE MOV
CPI
JZ
TEST3 MVI
00T
RET

sl ‘r*‘.rjf.- T

IEREGT SET INTEPRUPT ENABLE REG = 2

@295 LOCATION CF TRANSMIT DATA STAXT=
@6H; 629 HEX

A28

A,ADDR13 LCAD TRANSMIT MESSAGE 1ST ADD?R
EBAR

A ,ADDR2

HBAR

A,ADIR3

LBAR

A,PQHTLCAD BYTE COUNT

H3REG

A,0328

L3REG

A,068; ENABLE NI3@1@ TDD INTERIUPT
H,CEREG

M,A

IEREG

A,Mj READ THE COPY OF IERERG=CEREG

/1)

DONE

A ,229H; LOAD TRANSMIT aND SEND COMMAND
CREG

$END TRANSMIT SUSRCUTINT
§ AR08 2 30 2ol 20 KA AR A5 2 2 o8 K o A AR AR AR A 2 2o A A R S oK

+READ STATUS SUBROUTINE:

READ MYI
MVI
RDLP IN
ORA
CPI
JINZ
IN
CMP
JNZ
LX1I
MYI
CALL
CALL
JMP
EFMSG LXI
MYI
JMP
CALL
RDONE RET

B,1111111¢8
c,00%"

ISREG

B

POFTH
PDLPICONTINUE LOOP UNTIL STATUS REG RFAD
SEEG

c

EFMSG

D,MSG

C,29E

3DOS

CRLF

PDONE

D ,NMSG
C,99H

BDOS

CRLF

YEND READ SUBROUTINE:
§ AR 030 2 020 A 20 000 00 e 90 o e R oo de e el Sl e ek ot e SR ot e e S el Re e e

..........




4,y
FWA A A

5 g

R g
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[RS8
: L) .‘&.A" >

TP 7
By, 0,

i .
NI
". '.‘a.n

..

-
I".

Lk
";...
“ata

....................................

' INTERRUPT HANDLER:
iSAVE CPU STATE:

INTEDL b3
POSE PSW
PUSH B
PUSE N
PUSH H
DI
LXI B,CEREG
MCY B,M7 SAVE ENABLE REGISTER CCPY VALUE
MVI A,00H
LXI 9,CEREG; DISABLE NI3@18 INTS.
00T IEREG
MOV M,4
MOV A3 :
MVI B,J4H: IS RBA INTETRRUPT ENABLED?
CMP B
JZ BA
MVI B,770; IS RDD INTERRUPT ENARBLED?
CMP B
JZ RDD
MVI A.347; IP NEITHYR OF ABCVE THEN WAS TDD
LXI H,CEREG] ENABLE RBA INTERRUPT
MOV M, A
0u0T ITREG
JMP FINI
RADD1 ECU ¢¢95 1ST ADDR TO WRITE RECVD FRAME T0=
FADD2 EQU 245 2802 HEX
RADD3 EQU eeH
RBA MVI A,RADD1; LOAD THE ADDRESS REGISTERS
00T EBAF
MVI A,RADD2
oUT E3AR
MVI A,RADD3
ouT LBAR
MVTI A,20H; NOW LOAD BYTF COUNT REGISTERS
ouT HBREG
MYI A,240F
ogT LBREG
LXI q9,CEREG
MvI A,279; ENABLE RDD INTEZRRUPT
MOV M.A
cUT IEREG
JMP PINI
RTT LXxI H,CEREG
MVI A,04H
JZECEIVE PRCCESS W!KE U® IN HEEE
MOV M,A
00T IERFG
FINI El

+RESTORE CPU STATE:

43
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LN
DI I IS I




............

PO? B
POP D
POP B
DI
MVI A,020B% RESTORE INTERRUPT STATUS
0UT 2Fdda
POP PSW
FI
RET
END INTERRUPT EANDLE?
¢ 303030 200 20 300 20 25030% 248 338 3 Ak 2 356K 206 2 e e 36 3 3¢ afe 3 vk 3 e 332 e e 36 230 248 2 2 e sge e ahe e e Ak 352 e e Ne e e ezl e e afe
CRLF MVI C,CONSOUT; GFNFRATES CARRIAGE RTN +LINE
MVI E,9DH
CALL BDOS
MVI C,CONSQUT
MYI E,2AH
CALL 3DOS
RET
§ ek e e e ke a4 S e e el Feafe e 3 ol aje e e 2 2k 2 e g e e e a5 age e ade e ke a4 e e e K o0k 30k 28 2 8 48 348 3 e e e ajeale o e o
CONIN LXI E,2608%; READ TEST DATA INPUT FROM CONSO
INLP MVI C,CONSIN
PUSH E
CALL 3D0S
POP H
MOV M, A
CPI 6QH;COMPARE TC GRAVE sCCENT
RZ
INX H
JMP INLP
$ s e e ale 2 e 22 38 ek 246 26 3k 3k 323 e 340 236 30 A 3¢ 3¢ 330348 e Qe 3K AR e e 2624 2 3 21 46 300 26240 240 2 N A ReAeAE 30N A A R
CONOUT LX1 H,2812%; QUTPUT TEST DATA TO THE CONSOLE
OTLP MVI C,CONSOUT
MOV E.M
MOV A,%
CPI 6CH;IF GPAVE ACCENT THEN RETURN
RZ
PUSH q
CALL BDOS
POP H
INX E
JMP OTL?
$ 46308 200 25c e 200 2 4828 308 e 208 e 24 300 306 7 ok 3¢ ik 208 2 3¢ e e 3¢ e 2 e e e g 2 ek e e e 33 e e o e e e e o e ek e e Nk A X R
BMSG DB “ETHERNET LEVEL ONE TEST PROGRAM: VERS’
DB “ION: 1.13: ©4/3¢/83-MDSS$”
: OLMSG DR ONLINE COMMAND ISSUEDS *
E: ‘ STMSG DB “SELF TFST COMMAND ISSUEDS”
ﬁu MLMSG DB "MOTULE LCCPBACY COMMAND ISSUEDS:’
Eﬁ CLMSG DB “CLEAR LOOPBACX COMMAND ISSUEDS”
YR TRCMSG DB “TRANSMIT/SEND COMMAND ISSUEDS’
MSG DB ‘COMMAND EXECUTEDS”
NMSG DB "COMMAND P8ILEDS”
50
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FMSG DB ‘ZNTER TFXT(42 CEAI MAX) FOR MODULE”
DB “INTERFACE LOOPBACK(42 CHAR MAX) g
DB ‘ (END WITH A GRAVE ACCENT=> )s$~°

LMSG DB ‘PTHE DATA TRANSFERREID VIA MODULE INTER”
DB FACT LOOPRACK IS:%°

DMSG2 DB “ENTER ADDRESS OF INSTALLED NI3214°
DB * BOARDS’ o

DMSG1 D3 “ROARD @@-04-0A:ENTER ~ 1 "$°

DMSG2 DB ‘BCARD @P-@3-FA:ENTER "~ 2 "¢’

DMS53 DP “INCORRECT SELECTICN-TRY AGAIN:$”

¢ M2 200 20 3k 20k 2k 233l 246 36 2 24 e 3 3 2 e e 3 afe o2k 3 3k 336 2 34825 e e e 3 3K 30K 2 3 248 3 246 Ak 3 o e e e e e Ak e e 3 e Kok
$ MR A 200 200 240 30200 300 340 23 230 28 240 a0 Axade e 4 3 240 200 348 20 2 2 e e e ke A 3 e e e e e oo e ek e ke Ak el e R e e Rk ek

ENDSETEERNET LEVEL ONE TEST PROGRAM-VERSION 1.13

...............

-----------
-------------
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SOUZCE CODF OF PROGRAM ETHTESTB.ASM

¢ Al ajeale afe aeale age i 48 e e o e 330 e 3 i o e o ae e o o ae e el e o% e e s g ol A6 sfeadk e dfe e e sl e e ole sfeals sie e ke e
3 ekl e el e ek ae 2 afe e 3 e 2 s e 2k 2 s e ok ik s e e e o e e de sl e xe ol gc 2 2 e 26 2 aje 306 2 afe ¢ e 24 e 3 e e e e e e

7 ETHERNET SECOND LEVEL TEST PROGRAM--VERSION 2.74

+ PROGRAM FILE NAME: ETHTESTB.COM- INVOXE COMMAND: ETHTESTB

; PROGRAM FUNCTION:(RUN ON £082 BASTD MDS SYSTEM)

SELF TEST.IT THEN TRANSFYRS A 42-BYTE BLOCK OF TEXT FROM A

;BLOCK OF MEMORY STARTING AT ADDRESS 9709 HEX TO ANOTHER

BLOCK AT @900 HEX IN TWO S®PARATS TESTS VIA THE NIZg1¢

yBOARD. SUCCESSTUL COMPLETION OF TEESE TESTS VERIFIES THE

yFUNCTIONING CF ALL THE HARDWARE NECESSARY TO COMMUNICATE

+WITH OTHER HOSTS CON THF NETVORK.

’

yTESTS PERFORMED:

1.) BOAPD DIAGNOSTIC SELF TEST

2.) MODULE INTFRPACE LOOPBACK~VERIFIES TIF
FUNCTIONING OF THE NI3212 BCARD INCLUDING THE
NM10 PROTOCOL MODULE.

3.) TXTEZRNAL LOOPBACK-VERIFIES TEE FUNCTIONING OF
ABOVE aND THE FLAT CABLFT,TFANSCEIVER AND
NETWORX COAXI®L CABLT.

NI321¢ ETHERNET BCARD CCNFIGURATION: :
1.) JUMPER SET TC INTERRUPT LEVEL S.
2.) BASE PORT ADDRESS SWITCHES SET TO
1211 (@2BCH).
3.) PARALLEL PRICRITY TC AN ODD NUMBERED
MULTIBUS SLCT.

fORIGINAL PROGRAM: 23/31/£3
’
+LAST REVISION: 24/32/83

WO WE @5 WO WE ®8 ©E WO O We WO Ws Ve W we

L4

sWRITER: MARK D. STOTZER

'

+ADVISOR: PROF. U.R. KOPRES

’
3 a0 age 0 a0k 2 o0 085k e 3 e afe e e 30 5e 24 e e e e e e e e e 2 e Neale s 36 ek e e o A ol 3 e seaese e ek s R e ek ek

§ AN A 2 2 ok o X e e e oo oK 8% 2 o o e e e o ke ol s e ko e ok e o e e ok ok e e e e oo e i X
+MAIN PROGRAM:

CRG 1¢2%8
¢+ NI3¢1e REGISTER PCzT 2DDPESSZS:
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.-' RSt . u - b at} ~ LRl - RIS RN AT S RS0 RiC St ieg BN Sl A e/t e e
N
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Pl
.'3_:
N
\.-
b CREG EQU 20209;CMD REG LOCATION
-3 SREG EOU PPR17:;CMD STATUS REG LCCATION
’ ISREG EQU @@RSHE; INTERRUPT STATUS REG '
2 IEREG EOU @¢BSH:INTTYRRUPT TNABLE REG
SO EBAR EOU @@ROH; TXTENDED PASE ADDR AEG :
o HBAR EOQU @3BAT:HIGH BASE ADDR REG :
o LBAR EOU @C¢BBE;LOW BASE ADDR REG :
o H3REG EQU QOBCH;HIGH BYTE COUNT 2EG :
LBREG EQU ¢PBDH;LOW BYTE COUNT REG i
o & e ae e ape e e e el e st ks o 2 o e e sl e o afe e e o o o e e e 2 e abe e e 00 30 3 e 3 3 e e 4t e o o Kok e e e 3k 3¢ e A \
K% {OTHER NEIDED ADCRESSES: .
L EDOS EOU @@AST;BDOS ENTRY POINT :
e CEFEG EQU @e@@dT; COPY OF INTFRRUPT ENARLE REG :
& STATUS EQU @891H;COPY OF CMD STATUS REG :
] H 26 368 308 308 a0e e X 350 3k 3 ek afe 3 3k e afe e Ak 356 3 3¢ 306 390 3% e e ol sl ale aje e 2K 3¢ 3% 3 3¢ e 3¢ e 3je e 23 3 e X e e K e 330 e e % e A 3K NN i
w +NEEDED BDOS COMMANDS: b
N PSTRING EQU @9%3 PRINT STRING FUNCTION N
W CONSIN T0U @1H: CONSOLE CFEA2 INPUT FUNCTION X
) CONSOUT FOU @297 CONSOLE CFAR OQUTPUT FUNCTICN
H o 30 332 308 26 3¢ 38 ol aie sk ajesle Heale ke e el sl ek i s e e alk e e it e sfesie e ok e ol e e alk e e 238 3 %3¢ 238 24k 24 38 3K a0 2l 3ie e Ak 33t e e e ok
;READ CMD sg;rus REG ON POWER UP:REQUIRED FOR INITIALIZATION
< N SREG
.- H eafe aje 306 2 Xz 2 92k 20 2 3k e e o 3223 ok sl slo i e 2l e e sl ke v 3l ok iR she e e e 3k alealk e sl 3K 3¢ ol 3¢ 23 Ahe ade 3 e e 3K 34 K e e e Ak Ak
$ {OUTPUT INITIAL MESSAGE TO USER:
5 1XI D,BEMSG
A MV I C.PSTEING
. CALL BDOS
% CALL CRLT
N ;L0AD JUMP INSTRUCTION FOR INTERRUPT HANDLER2: (INT S)
- MV A,0C3H;JMD® INST CODE
¢ STA 20¢28% ;LOAD IT IN ADDR 09028 EEX
LXI R, INTHDL
SHELD @029%
¥ :*******####**#********###******************#**#*#*#********
¥ ;SET UP INTERRUPT CONTROL: (INT 5)
1 MVI A,0128
’ oUT ¢FDH
. MV A,PDFE: FNABL® INTERRUPT S-ITHERNET 3CARTD
- oUT gFCH
H 230 3 338 3 3¢ 2t 20k He 322 28 36 e 2k 332 30 e e 3R A e 3K e e ik e 34e 3R 2 A R R0 2% 2% 3% 3K e e e e AR R 9% 23 32 e B e ek ek e ax ok
- $LOAD TRANSMIT DAT® BLOCY-FIRST 3 BYTES ASSIGNED 3Y XEROX:
1 MVI 4,228
- STA 27008
= MVI 4,279
- STA @721E
- MY A,217
3 STA 27028
< ;LOAD INTERLAN ASSIGNED LAST 3 PYT®S HERF:
M DESTIND CALL CPLF
= LXI D,PMSG@;: ASK USER TC INPUT THIS ADDEESS
4 MY I C.PSTPING
o 53

N

-
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LA AL =R AL ¢ gt g I S AC A A AL A gt Sl A P I TP A s S g A S i S P S urY i e s 2 5 T
o ’
n,?'-:"

- CALL BLOS
- CALL C3LF
’ LXI D,IMSG1
N MV C.PSTRING
.~ CALL BDOS
b CALL C3LF
A LXI D,DMSG2
o MV I C,PSTRING

CALL BDOS
Agas CALL COLF

o MVI C,CONSINSREAD USFR INPUT OF ADDRISS
e CALL BDOS
0 CPI 31K
v Jz DADLR2

CPI 328

2 Jz DADDR1
e CALL CFLT
(0% X1 D,TMSG3
e MVI C.PSTRING
AR CALL BDOS
~ CALL CRLF
s JMP DESTINP
2 DADDR1 CALL CRLF: ADDR 20-23-EA SELECTED 3Y USER:LOAD
b MVI A,0e%8
o STA 27037
o MY T A,C23H

STA 2794F

. MV I A,QEAE

o STA @7A58
e JM? ADDIN
) DADDR2 CALL CRLF: ADDRESS ¢@~@4-¢A SELECTED:LOAD IT

v MYV I A,22%

iy STA g7939
o MY T A,C4F
o ST4 g7347
5 MV I 2,088
o STA 3705F
i iLOAD TYPE FITLD- 2 BYTYS:

- ADDIN MV I A,20%

-7 ST 260263

baon MVI A,299

NN STA g6e7a

e ;NOTE:FOR THIS TEST TWE ACTUAL DATA IS IN ACDRESSETS

oy ; J6E8~@632EEX FOR TRANSMISSION

— ¢ 303k e 3x 3K e 3K A Aok 20 He e e 2 3k e e e e e e e e e e e et e e ek e He e e 4K A esie 2 e e ode e e ek e ke sk Nevk ek
SoN {READ IN THE TEST DATA FOR MODULET INTTRFACT LOOPBACK TEST:
Qo MV1 C,PSTRING

oo LXI D,FMSG

0 CALL 3DOS

k. CALL CELF

a CALL CONIN

¢
\:::.':
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%
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oot e E R £ WA 2L " 2k g 0/ Ar A i A S e S I LY AL SR NP S M I A A A ST N A i SRR S i PR e
- R - B - - . . . . . . - . . R . N R

L2l -
W g
' L
» .
~ CALL CRLF "
-, $GO ONLINE UPON POWEF UP: -
v Bl -
- MV I A,BSFiCMD TO GO ONLINE "
= ouT CPES :
N CALL  READ !
§ 03 2529 24 390 243945 e e e 3k e a9 e e e e e e ¢ e e e e e e e 4 el kol el e e a e o e abe e e 4 e e o e e o o e y
i {RCN ONBOARD DIAGNOSTICS T3ST: y
MY T 4,Z4H; CODE FOR SELF TEST COMMAND i
- ouT CREG .
N CALL RFAD >
-..: 3 Beevc e e e Xz ue e Ao e Axae 3K Rk 20 e e ik 3l 29 3ic 2%¢ e ik i 3¢ ek e e e e se 3¢ ok Ak K 3k 25 e Ak 3 e A e 3% Ak e A NeAK Xe A e .
.. ;RUN MODULE INTTRFACE LOOPRACK TEST: A
> MVI A,@9H: GO BACX ONLINE 3
coT CREG q
. CALL RFAD g
k- tLOAD INTERRUPT ENABLF RTGISTER=4. SET TO RECEIVFT DATA. i
- 1) §
i LXI g3,0TREG !
‘ MY I A,247 A
MOV M,A
& ouT IEETG "
B El -
o ; COMMAND MODULE INTERFACT® LOOPBACK MODE: ?
b~ MV I A,22% :
N ouT CREG )
i CALL RATAD
- ;TRANSFER THE TEST DATA: 1
; CALL TEMSG :
A CALL  READ :
% $DISPLAY DATA TRANSFFRRED RY MODULE INTTRFACE LOOPBACK TZST: -
MVI C,PSTRING ’
LX1I D,LMSG
- CALL 3D0S
. CALL CELT
. CALL CCNOUT: TEXT OUTPUT TC THE CONSOLE
- CALL CoL?
L H e e 2% 3¢ 3 xic 3¢ o 398 e 2l 25 e 3k 3k e e e 208 e e e e e e afe ST e Weae A e e e e ¢ e 3 e e fee e o e Rk e Re e e AL SRk e K
;PERFORM INTERNAL LOOPBACX TFST:
: $READ IN TEST DATA FO2 EXTERNAL LOOPBACK TEST:
o MY I C,2STRING
- LXI D,FEMSG
.- CALL BDOS
= CALL CRLF
CALL CONIN
» CALL CRLF
& ;EXIT INTERNAL LOOP TEST MODT:
! MV I A,238
- ogT CTTG
e CALL IEAD
a ;GO BACK ONLINE:
)
- &
. 33 g
N
1
i
1
------- A N R S A S SN Ty




Cid R 2 Sl Sl AN S Sl 3

MVI A,0CH
oUuT CREG
CALL RZAD

3 TRANSMIT TES TEST DATA:
CALL TRMSG

CALL READ .
;DISPLAY DATA TRANSFERRED VIA INTFRNAL LOOPBACK TO C3T:
MVI C,PSTRING
LXI D,LEMSG
CALL BLOCS
CALL CRLF
CALL coNOUT
CALL CRLF
JMP 2 +RETURN TO OPEPATING SYSTEM

3 END OF MAIN PRCGRAM
ool Apale sl e e 6 3 %e e e AR e e e e oo el s o ool s e ek e e e st sk e e s e s ok e e et e e

3 o e o e e el g e oo e el o el o st st e e st e el sl e sk e e s e e oo e e e ke ofe o e e oK 3
i TRANSMIT SUBRCUTINE:

TEMSG DI
+LOOP UNTIL INTERRUPT EMABLE REGISTER =0 C3 4:
LOOP LXI H,CERTG
MOV AM
CPI o2R
JZ CONT
CPI 243
JZ CCONT
EI
JP Leor
CCNT DI
1X1I H,CERTG
MOV AM
CPI gew <
JZ CONT1
CPI 24H
JZ CONT1
El
JMP Loo®
CONT1 MVI A,00CH
LXI B.CTREG
MOV M.A
007 ITRTS: SET INTERRUPT ENA3LE REG = @
El
ALDR1 ECU @O8: LOCATION CF TRANSMIT BUFFER TOP
ADDR2 EQU 27E
ADDR3 EQU gou
MVI A,ADDR1; 104D TRANSMIT MESSAGE 1ST O&DDR.
cyT EBL?
MVI A,ADDR2
ourT TBAR
MVI A,AZDR3
ouT LBeR

56
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:.'-'..';

s

wt MVI A,0CH;LOAD BYTE COUNT

o ouT REREG

8 MVI A,0328

: cuT LBREG

S DI

e MVI A,06H; ENABLE TDD INTERRUPT

12N LXI H,CEREG

) ;x MOT M, A

W 0UT IEREG

1)

e DONE LXI H,CTREG

e MOV A,M; READ TEE COPY OF ITREG=CEREC
N CPI 131

s J2 DONE

s TEST3 MVI 8,3299; LOAD TRANSMIT AND SEND CCMMANT
. oUT CREG

o RET

o ;END TRANSMIT SUBROUTINE

‘.}:‘. $ % 30 e e 2 2 e 5c e 02 38 06 3¢ e e e 4e 3 e e e Ak e e e e e e e e 24e e e e e 36 38 e e ek e e A AN e e e N 3 Ao A K
o $READ STATUS SUBROUTINE:

e READ MVI 3,111111193

" MVI C,00%

I RDLP IN ISREG

i§ ORA )]

o CPI ePFFPY

X INZ RDLP;CONTINUE LOOP UNTIL STAT REG READY

° Iy SEEG

- LXI ¥,STATUS; KFEP COPY OF CMD STAT REG
e MOV M, A
AN CMP >
Vi INZ TPMSG
o) LX1 D,MSG

B MVI C.>STRING

’ CALL BDOS
R CALL CRLF
o JMP RDONT
] ERMSG LX1 D,NMSG
w MV C,PSTRING

= CALL EDOS

- MVI B, 750°
2 LXI H,STATUS

e MOV AM
3 ADD B

5 MYV I C.CONSOUT; ®RROR CODE TO CONSOLE
= MOV T,A
ol CALL 3DCS
o CALL CRLF

- LXI D.NMSG1
- MVI C,PSTRING

o CALL ?D0S
- CALL CILF
Y
",
-t 57
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25
A RDONE PET

254 $END READ SURROUTINE:

: “-) ; e e 3 3 338 3o 3 e ale Ak 2l aje 3o e sie K2l xe e sle e e e e vie 8 3k 3ie e ok e 2t X3k 2fe e e o e olK o e e e e afk e vk e e e ol vie sl ok Xesg
; s INTERRUPT HANDLGER:
! $SAVE CPU STATE:

o INTHDL %I

N PUSH PSW
s PUSE B
- PUSH D

‘ PUSHE H

5 3
o LXI "3,CEREG

- MOV B,M: SAVT ENABLE R®GISTER CCPY VALUE
2 MYI A,208; DISABLE NI3@13 INTERRUPTS

= X1 B,CE3IRC

» MOV M, A

3 ouT I[EREG

T

Y MOV AR

“ MVI B,P4H; WAS RBA INTERRUPT ENABLED?
7 CMP 3

: JZ RBA
ol MVI B,27H; WAS RDD INTERRUPT ENABLED?
A CMP B

. Jz RDD
e MY1 2,04H; IF NEITHFR OF THF® AROVE THEN
25. X1 A,CEREGS WAS TDD- NCW ENABLE RBA AG!IN
> MOV M,A
. ouT IERFG

G JMP FINI
b RADT1 EQU 2297 LCCATION OF WHFRE TO WRITE RECVD
53] RADD2 EQU @9E; FRAME DATA IN HOST MEMORY
¥ RADD3 EQU @2R

¥ REA MVI A,RADD1; NOW LOAD ATDR INTO ADDR RZGS.
st ouT I3AR
o MV I 4,%4DD2

= oUT HBAP
R MY A,RADD3

= oUT 1BA?

MYV 1 A,0%H; LOAD RYTT COUNT REGISTERS

o ouT BEBRFG
¥ ' MY I A,040H

~d oUT LRRTG
o X1 H,CEREG

<~ MVI £,07%: FNABLE RDD INTERRUPT
= MOV M, A
g cuT [ERF®G

. JMP FINI

e RDD LXI g,CFEEG

a7 MY I 4,248

N 7RECEIVE PROCESS WAEKE UP IN HERE
= MOV M, A

7
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NS
a0 ouT IEREG
i FINI El
AN ;RESTORE CPU STATE:
4 POP H
3] POP D
500 POP B
%2 DI
-y
2 MV I A,2208; RESTORE INTERRUPT STATUS
L2 OUT OFDH
. POP PSW
L EI
v RET
e $END INTERRUPT HANDLER
% :' ] H o 35 2 38 2 35 e X7 2 e 3 2je e e 2k e 2k e 2f¢ e 238 3¢ e e ¢ e 2i¢ e e sfe e e 556 2 3¢ 20 3¢ e ¢ 3¢ 34 e e 3K e 38 e A< e Ae Ak Sake A e e e ok
o CELF MV C,CONSOUT; GENERATES CARRIAGE RTN +LFEED
_ MV ¥,0TH
S CALL BDOS
v MVI C,CONSCUT
RN MVI ®,008
v CALL 3D0S
z RET
§ N g aek ofe sieae e 2k e ok ik afe 3 ol 2 e e e e 30 e e 208 ek 2 e X 3k 626 386 3 246 208 36 308 240 24 20 e e e K0 A AR X e o0 e K e e wk
e CONIN LX1I E,07@8H85 READ TEST DATA INPUT FROM CONS.
e INLP MYI C,CONSIN
! ®CSH 4
< CALL BDOS
' POP H
- MOV M,A
o CPI 69R3IF GRAVE ACCENT THEN RETURN
AN RZ
o INX 3
o JMP INLP
i 3 e %eate 2t 2 s 30e 220 o 250 24x e 2 250 2 A e e e 2240 3¢ 3 e 3 e ale e eale e 9k 2 3 e e e e e e el 46 240 e e e ek e Ao ok He e ek
, CONOUT 1X1 ®,29129; OUTPUT TEST TATA TO THE CONSCLE
N OTLP MVI C,CONSOUT
ponG MOV T,M
120 MOV AR
LN CPI £99;TEST POR EIND CHAR-GRAVE ACCENT
RZ
. PUSH ;3
= CALL BDOS
oy PoP q
28 INX )
o JMP OTLP
H 420 208 200 5 ok 39¢ 93 2k icafs 30c 200 2K 3% e 39c 22 28 A e 3¢ e e a3 3 9 3 3 3 2 38k 23k 2 35 3¢ 2 3¢ e e 3ic 3¢ ¢ e 3de e e e X 3k e A2 e 3 KX
318 BMSG DB ETHERNET SECOND LEVEL TEST PROGRAM:’
- DB * YEPSION 2.04: 24/3@/83-MDS4”’
o DMSG2 DB “ENTFR ADDRESS OF INSTALLED NI3@12
o DB ‘304PD: &7 . n
L DMSG1 D3 ‘3CARD 2¢-¢4-¢A:ENTER ~ 1 "4
- DMSG2 DB ‘30A3D AG-@3-TA:ENTFR " 2 "§°
-».';
«\‘.:
e 59
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DMSG3 DB “INCORRECT SELECTION NUMBER~-TRY AGAIN:$’

MSG DB “EXFCUTING BOARD COMMAND....$°

NMSG D3 “COMMAND FAILED-ERROR CODE:$”’ :

NMSG1 DB FOR INTFRPRETATION OF ERROR CODFS~SEE’ -
. DB “ASM LISTING FILES” 1
SCEE FMSG DB “INTER TEXT(42 CHAR MAX) FOR MODULE’ :
L DB ° INTPRFAC® LOOPBACK TEST: K
v DB . ‘ :
- DB “(TND STRING WITH A GRAVE ACCENT=> *)s° R

FEMSG DB “ENTER TEXT(42 CHAR MAX) FOR INTERNAL’ i
" DB ” LOOPBACK TEST: g !
= DB ‘ . h
N, DB “(END STRING WITH A GRAVE ACCENT=)> )%~ X
- LMSG DB “TI® DATA TRANSFERRED 3Y MODULE”
R DB ” INTERFACE LOCPBACY IS:¢°

LEMSG DB “PHF DATA TRANSTERRED BY INTERNAL®
A DB * LCOPBACK 1S:%”

- § Rk sl e oo e el sl e st o e e el ool ool afe e e i o e s el ek e ok ok N i AR AR e e oK
. $ERROR CODES:(IN ESPONSE TO TRANSMISSION COMMAND FAILURES):

’
? ’ LETTER i NATURE OF FAILURE
H [
‘ ’
o H S YOU ISSUED AN INAPPROPRIATE COM
%q ' MODE THE BOARD IS IN.
A 1
» H T BOARD TIMER TIMED CUT-POSSIBLE
. ; PROBLEM.
’
3 ; 1 TRANSMIT RUFFER SIZE EXCEEDED:(
% ;
- H 7 FRAME SENT TO BOARD TO0O SMALL:(
’
H X EXCESSIVE COLLISIONS
$ ;**s***:****##*#*****##*******#**#t*************************
4 § sesfcole ek i afe s e sl sl e e e e e el e ot s s o e ek ke 8 K o6 236 236 a0 oo o o o el R 8 3
D] ENDJETHTIRNET SECOND LEVEL TEST PROGRAM-VERSION 2.
-
%
-~
Y
hd
::f
|
o
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<
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N
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: 7 IR

" E3oNt7s FIXER 3 Qﬁ§§é 3 /*LOOP CCNTROL*/

- COUNT?C FIXED BINARY(?),/*LCOP CONTROL*/

> DSENO CHARACTER(1),/*USER INPUT DISK NUMBER*/

4 FRAMD  CHARACTEX(1),/*USER INPUT FRAME SIZE*/

' SELECT CHARACTER(1),/*USER INPUT MODE SELECTION*/
/* GLOBAL VARIABLES */
RECFIL  FIXED BINARY(?7) EXTERNAL,/*RECVD FILE NO.*/

\

. FRSIZE  FIXED BINARY(15) EXTERNAL,/*FRAME SIZE*/
N

)

APPENDIX K .

: SOURCE CODE OF MAIN MODULE ETEFRNET.PLI :
* ETHERNET:/*MAIN MODULE-APPLICATION LAYER-ISO LEVEL 7%/ :
g PROCEDURT OPTIONS (MAIN); :
- e
3 DECLARS :
3 /* LOCAL VARIABLES */ 3
i COUNT? ~ PIXED BINART(7),/#1COP CONTROL VARIABLE*/ :
,/*LOOP CONTROL*/ i

VTERM FIXED BINARY(7) EXTERNAL,/*TERMINAL FLAG*/
TRMODE  FIXED BINARY(7) EXTERNAL,/*CMD MCDE FLAG*/
/* GLOBAL DATA STRUCTURES */
TXBUFF(15@8) FIXED BINARY(7?) EXTERNAL,/*TRANS BUFF*/
IX3UFF(1522) FIXED BINARY(?) EXTERNAL,/*RECV BUFF*/
TXTBUF (128) PIXED BINARY(?) EXTEERNAL,/*TEXT RBUFF*/
1 RXFCB EXTERNAL,/*RZCEIVE FILF CONTROL BLOCK*/
2 DISK PIXED RINARY(?),
2 FNAMF CHARACTER(8),
} 2 FTYPE CEARACTER(3),
) 2 RFCB(24) FIXED BINARY(?),
D 1 TXFCB EXTERNAL,/*TRANSMIT FILE CONTROL BLOCK*/
' 2 DISK FPIXED RINARY(7),
‘ 2 FNAMT CHARACTER(8),
= 2 FTYPE CHARACTER(3),
2 TFCB(24) PIXED BINARY'?),
/* EXTERNAL MODULES */
INIT ENTRY,/* INITIALIZES INTERRUPTS & NI3@10%*/
SENDATA ENTRY,/* TRANSMIT ISO LEVEL 6 MCDULE */
RECEIVE ENTRY;/* RECEIVE MODULE */

/*LAST REVISICN: 99/15/83-09¢¢ ORIGINAL PROGRAM:87/29/83 */
/*AUTHOR: CAPT. MARK D. STOTZER-USMC-AZEGIS GROUP
/*THESIS ADVISCR: PROFESSOR UNO R. KCLRES-COMP. SCIENCE */

PUT SKIP LIST ( ~Momsearorsseoon s stk ok ek s e ko sk ook e skl ok sk # ) 3
PUT SKIP LIST( ETHERNET COMMUNICATION PROGRAM-VERSION 5.947);
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PUT SKIP LIST{'ALLOUS THIS HOST TO CCNNECT TO THBE N®T.” )
PUT SKIP LIST(’CNTL-H=BACKSPACE FOR TEXT ENTRIES:");
pUT SIIP LIST(’**#****#******#*#************###*********#’);
PUT SKIP(2):
RECFIL=47;
COUNT?7=1;
PO WHILE {CCUNT?=1);
COUNT7A=1;
DO WRILE(COUNT7A=1)}
PUT SYIP(2):
PUT SKIP LIST('************ MAIN MENU ******##*#***’);
PUT SKIP LIST(’WRITE RECEIVED FILFS TO DISK NO:’)s
PUT SKI® LIST(’DEFAULT DRIVE(A)
PUT SXIP LIST(’DISK DRIVE A
POT SKIP LIST(’DISK DRIVE B
PUT SKIP LIST('#*******#**#*t##**##*
PUT SKIP LIST( “ENTER DRIVE NUMBER==>
GET LIST(DSKNO);
PUT SKIP(2);
I? DSENO="1‘ THEN
DO;
RXFCB.DISK=0;/%* LOAD DISK NUMBER IN FCB */
COUNT7A=2;
ENDS
ELSE
IF DSKNO="2" THEN
D03
RXFCB.DISK=1;/* DISK NUMBER TO FCB */
COUNT7A=2}
END3
ELSE
IF DSENO="3" THEN
DO}
RXFCB.DISK=2;/* DISK NUMBRER TO FCB */
COUNT74=2;
END;
ELSE
PUT SKIP LIST( INVALID DRIVE NUMBER~REENTER:’):
END;/*DO LOOP*/
COUNT?7B=1;
DO WHILE (COUNT?B=1);
PUT SXIP LIST( ETBERNET FRAME DATA BLOCK SIZE:");
PUT SKIP LIST(’SELECT 128 FOR ALL FILE OPERATIONS");
PUT SKIP LIST(’AND VAX COMMUNICATIONS.’):
PUT SKIP LIST(” 128 BYTES =
PUT SKIP LIST(’ 256 BYTES =
PUT SKIP LIST(’ 512 BYTES =
PUT SKIP LIST(” 1224 BYTES =
PUT SKIP LIST(’ 1500 BYTES =
PUT SKIP LIST(’***********#*#*#***
>I

PUT SKIP LIST( ENTER STELECTION==

1
2
3
Rk e AR KRR ) 3
4

NN N Ny

)i
)i
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)3
)3
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5
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GET LIST(FRAMD);
PUT SKIP(2);
IF PRAMD="1" THEN

['H
N PRSIZE=128; /% SET THE FRAME SIZE */
X COUNT7B=2;
e END; |
20 ELSE '
Y IF FRAMD="2‘ THEN
D0;
: FRSIZE=256%/* SET FRAME SI2E */
- COUNT7B=2;
_: ENDS 1
Y ELSE
IF FRAMD="3" THEN
X DO}
%; PRSIZE=512;/* SET FRAME SIZE */
N COUNT7B=2;
N END;
RIS ELSE
> IF FRAMD="4° THEN
. D0;
N FRSIZE=1@¢24;/* SET THE FRAME SIZE */
A COUNT73=2;
o END;
2 ELSE
IF FRAMD=’5" THEN
Y DO H
L~ FRSIZE=150¢;/* SET FRAME SIZE */ ]
i~ COUNT7B=2} .
- END; ]
o ELSE ,
PUT SKIP LIST( INCORRECT CEOICE-REENTER:’);
N1 END3/* DO LOCP */
i VTERM=2; /* RESET TERMINAL FLAG TO FALSE */
e TPMODE=0;/* RTSET COMMAND MODT FLAG TO FALSE */
3 CALL INIT;
& PUT SXIP LIST( OPERATING MODES:’):
- PUT SKIP LIST ( ¢ e ok ofe s x ale e vieofk ok kot ole e ofe vieole eale e e e ol kol it 4 )
- PUT SKIP LIST(’RECEIVE WAIT LOOP =1");
R PUT SKIP LIST(’TRANSMIT PILE OR MESSAGT= 27)3
v PUT SEIP LIST(’VIRTUAL TERMINAL OF VAX = 37);
® PUT? SKIP LIST(’VAX CCMMAND MODE =4");
X PUT SKIP LIST( DISCONNECT FROM NET =5%);
PUT SKIP LIST ( # 308 3% v 3 3 afe 2 vje ol v e e 9%k 20 3 e ok ol veale A 3k 3k el ade e vk ale ok Sk e e e ke 4 )
s S PUT SKIP LIST( ENTEFR SELECTION ==>");
3 GET LIST(SELECT):
PUT SKIP( 2) H
¢ I IF ggnncr— 1° THEN /* RECEIVE MODE */
TXBUFF(1)=2:/* LOAD FIRST TEREE DEST ADDR BYTES */
N
~)
” 63
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" TXBUFF¥(2)=73;/* FOR ACX REPLY IN RECEIVE MODE */
> TXBUFF(3)=1;
-3 PUT SKIP LIST(’IN RECEIVE WAIT LOCP-TO RET(H’V TO )i

- i AT IR

. PUT SKIP LIST(’MAIN MENU: ENTER <CR> =

. PUT SKIP LIST( ’********#************##***#***** )3 .

N PUT SKIP(2); -

3 CALL RECTIVE; ;

> END3 .

- ELSE K
IF SELECT="2" THEN /* NORMAL TRANSMIT */ §

CALL TRANS2

ELSE
IF %§LECT='3' THEN /* VAX TFRMINAL MCDE */

1

VTERM=1; /% SET TEE TERMINAL FLAG TO TRUE */

FRSIZE=1502;

PUT SKIP LIST( “#%#*%kxx JAX TERMINAL MODE **kdkskxk’) s
; PUT SKIP(1):

PP PR N
JONS

Fa.

A PUT SKIP LIST( ‘VAX TERMINAL SERVICE:"):
A PUT SKIP LIST( “DATA BLOCK SIZE PER FRAME=");
N PUT LIST(FRSIZE);
) PUT SXIP LIST(’ -3
: PUT SKIP LIST( TERMINAL ENTRY BY LINE OF TEXT')3
> PUT SKIP LIST(‘BEGIN AFTER INITIAL V PROMPT: "V)>"°);
b PUT SKIP LIST(“SNTFR: TEXT LINECCRD>’);
N PUT SKIP LIST( “PROMPT WILL AUTCMATICALLY REAPPEAR’);
PUT SKIP LIST( ‘UPON ENTRY OF THE FIRST CHARACTER’):
PUT SKIP LIST(‘OF THE NEXT LINE YOU BEGIN.’);
POT SKIP LIST(” -7
4 PUT SKIP LIST(’TO END TERMINAL snssrov-,);
i PUT SXIP LIST(“ENTER: . <cn> AFTER “)3
% PUT SKIP LIST(” )i
' POT SKIP(1);
2 : TXBUFF(1)=2; /* LOAD THE VAX NET ADDR INTO THE SIX%/
4 TXBUFF(2)=73 /* 'DDRESS BYTES */
p TXBUFF(3)=1;
s TXBUFF(4)=0;
A TXBUFF(5)=73
- TXBUFF(6)=127;
TXBUPF(?)=2:/%* LOAD TYE TYPE TWO TYPT FIELT BYTES */
2 TXBUFF(3)=0;
- COUNT?C=1;
» PUT SKIP LIST('V>");
2 DC WHILE (COUNT?C=1):
= CALL SENDATA;
PUT SKIP LIST('V>’);
A} IF VTEAM=0 THEN /*END TFAPMINAL SESSION*/
N DC;
N PUT SKIP LIST(“#%#%x ©ND TERMINAL SESSION %k ’);
N COUNT?C=2;
, END;
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DO;
CALL INIT;
CALL RECEIVE; _
PUT LIST(’"H E"EV>"); |
END;
END; /* DO LOOP */
END;
ELSE
IF gggzcr='4' THEN /* TAX COMMAND MODE */
]
PUT SXIP LIST(“*** VAX COMMAND INSTRUCTIONS *%%7);
PUT SKIP LIST(‘=———————=m -= —m—om=m )3
PUT SKIP LIST(’TO DOWNLOAD A FILE FAOM THE VAX:'):
PUT SKIP LIST(’ENTER THE MESSAGE:’); |
PUT SKIP LIST{ IFNAME(VAX).FTYPE(VAX)/XXX* "°);
POT SKIP LIST(’WHERE XXX = EXE, FOR NON-TEXT FILES');
PUT SKIP LIST(’AND "XXX"="TXIT" FOR TEXT PILES’);
PUT SKIP LIST(’PILE WILL TEEIN BE IMMEDIATELY SENT’);
PUT SKIP LIST(TO THIS HOST.’): -
PUT SKIP LIST(’ )3 L

A e nn s ——— o an =

PUT SKIP LIST(°TO UPLOAD A FILE TO THE VAX:’);
PUT SKIP LIST(“1.) ENTER THE MFESSAGE:"):
PUT SKIP LIST(“" GFNAME(VAX).FTYPE(VAX)/XXX' "“): .
PUT SKIP LIST(’TO OPEN A VAX FILE BY THE ABOVE NAME’); ~
PUT SKIP LIST(’2.) THEN:");
PUT SXIP LIST(’SEND THE FILE TO THE VAX ADDRESS USI
PUT SKIP LIST(’THE NCRMAL FILE SENDING SELECTIONS.’
PUT SKIP LIST( ‘=== e e e e e e .
PUT SKIP(1);
TRMODE=1; /*SET VAX CMD MODE FLAG TO TRUE*/
FPRSIZE=128;
TXBUFF(1)=2; /*LOAD THE VAX NET ADDR INTC THE SIX */
TXBUFF(2)=73 /*ADDRESS BYTES */
TXBUFF(3)=13
TXBUFF(4)=0;
TXBUPF(5)=7;
TXBUFPF(6)=127;
TXBUFF(7)=0;/* LOAD THE TWO TYPE FIELD BYTES */
TXBUFP(2)=2;
CALL SENDATAS
CALL INIT;
RXBUFF(17)=255;
CALL RECEIVE;
END;
ELSE
IFP SELECT="5S" THEN /* DISCONNECT BY EXITING TO CP/M %/
COUNT?7=2;
ELSE
PUT SXIP LIST(’INCORPECT OPMCDE SELECTION-REENTER: );
END: /* DO LOOP */




-
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]
!':'_-(
ﬁﬁ " PUT SKIP LIST(’DISCONNECTING PROM NET-RETURNING TO C>/M.’);
LN
2 TRANS2: /* GETS USER INPUT OF FILE DATA */
R - PROCEDURE;
A7)
< DECLARE
3 /* LOCAL VARIABLES */
COUNT6 FIXED BINARY(7),/* LOOP CONTROL*/
" COUNT6A FIXED BINARY(?7),/* LOOP CONTROL*/
2 COUNT6B FIXED BINARY(7),/*LOOP CONTROL*/
" COUNT6C FIXED BINARY(7),/*LOOP CONTROL*/
5 SENDTYPE CHARACTER(1),/*USER INPUT TRANSMIT TYPE*/
o FTYP CEARACTER(1),/*USER INPUT FILETYPE*/
- DRNO CEARACTER(1),/*USER INPUT DRIVE NO.*/
- /* FILE DATA ENTRY DCLS */
) I FIXED,
7% PN CHARACTER(23),
L LOWER CHARACTER(26) STATIC INITIAL
(“abdbcdefzhi jklmnoparstuvwzyz’),
- UPPER CHARACTFR(26) STATIC INITIAL
" (“ABCDEFGHIJKLMNOPQRSTUVWXYZ’),
oy /* GLOBAL VARIAZLES */
3- FILTYP  FIXED BINARY (7) ZXTERNAL,/* FILE NATURE*/
R FNOP PIXTD BINARY (7) EXTERNAL,/*FILE NOT OPEN PLG*/
iz /* GLOBAL DATA STRUCTURES */
TXBUFF(15A8) FIX=D BINARY(?) EXTERNAL,/*TRANS BUFF*/
23 1 TXPCR FXTERNAL,/*TRANSMIT FILE CONTROL BLOCK*/
- 2 DISK FIXED BINARY(?7),
S 2 PNAME CHARACTER(8),
N 2 PTYPT CHARACTER(3),
V3! 2 TPCR(24) PIXED BINARY:?),
/* EXTERNAL MODULES */
W SENDATA  ENTRY:/* ISO LEVEL 3 FRAME SENDER*/
o COUNTE =1;
™ DO WHILE(COUNTE=1);
-~ PUT SKIP LIST{’TRANSMISSION OPTIONS:”);
' PUT SKIP LIST(’SEND A MESSAGE = 1°)3
& PUT SKIP LIST(’STND A DISK FILE = 2°);
7.-'\: PUT SKIP LIST ( 20 2 e 3K 202 0 300 38 308 0 ik ok 36c ke 2 34k oK 36 3k oK e 3 s ek e ok ok e ek e e WKk e 4 ) H
X PUT SKIP LIST(’ENTER SELECTION ==>");
$0% GET LIST(SENDTYPE);
N PUT SKIP(2);
- TXBUFF(8)=0;/* TYPE FIELD BYTE 2=NORMAL MSG OR FILE*/
~ . 183 %gunrtpna'1' THEN /*SEND A MESSAGE */
o '
L TXBUFF(7)=3; /*TYPE PISLD BYTE 1=MESSAGE*/

CALL SENDATA;
COUNTE=2;
ENDS

>,
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ELSE
IF SENDTYPE="2" THEN /*SEND A DISK FILE*/
DO;
TXBUFF(?7)=15i/* TYPE FIELD BYTE 1= FILE*/
COUNT6A=1}
DO WHILE(COUNT6A=1);
PUT SKIP LIST( NATURE OF FILE TO SEND:”);
PUT SKIP LIST( TEXT (ASCII) FILE =17)
PUT SKIP LIST( MACHINE CODE (COM) FILE = 27)
>

P e T

[ v

a

INAAAAAL

’

’
)5
ye

PUT SKIP LIST( 2 koo eaaeokakaooiay ok xeak s deoie s seag o
PUT SKIP LIST(’ENTER TYPE OF FILE CHOICE ==
GET LIST(FTYP):
PUT SKIP(2):
IF FTYP="1" THEN
D03
FILTYP=1;/* SET THE FILETYP=TEXT FILE */
o COUNT6A=2;
ol END;
X ELSE
[l IF FTYP="2" TEEN
v DO
, FILTYP=2;/* FILE TYPE=MACKINE FILE */
A COUNT6A=23
X END;
e ELSE
Y, PUT SKIP LIST( INCORRECT CHOICE-REENTER:”);
h END;/* DO LOOP */
COUNT6B=1;
v DC WEILE(COUNTSR=1);
y COUNT6C=1;
2 DO WHILE(COUNT6C=1);
" PUT SKIP LIST(’SPECIFY FILE TO SEND:’):
PUT SKIP LIST( FILE LOCATED ON:"):
N PUT SKIP LIST(” DRIVE A =17);
y PUT SKIP LIST( " DRIVE @ = 2°);
N PUT SKIP LIST('*********************'),
K PUT SKIP LIST( ENTER DRIVE NUMBER==>");
' GET LIST(DRNO);
PUT SKIP(2);:
IF DRNO=’1" THEN
DO
TXFCB.DISK=1;
COUNTEC=2}
END;
ELSE
IF DRNO=’2° THEN
703
TXFCB.DISK=2;
) COUNTEC=2;
- END;
ELSE
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PUT SKXIP LIST( INVALID DRIVE-REENTER:");
END;/* DO LOOP */ . . 3
POT SKIP LIST( ENTER: FILENAME.FILETYPE '==>"); :
GET LIST(FN);
PUT SKIP(2);
FN=TRANSLATE(FN,UPPER, LOWER);
I=INDEX(FN, .")s
IF 1=0 THEN
DO
TXFCB.FNAME=FN;
TXFCR.FTYPF=" ‘3
END;
ELSE
DO
TXFCB.FNAME=SUBSTR(FN,1,I-1);
TXFCR.FTYPE=SUBSTR(FN,I+1);
END;
TXFCB.TFCB(1)=¢;/%* SET FCB FIELDS THAT COUNT=3%*/
TXFCB.TFCB(4)=¢3/CURRENT EXTENT,RECORD ETC. */
TXFCB.TFCB(21)=0;
CALL SENDAT:;
IF FNOP =1 THEN
COUNTBR=2;
END3; /% DO LOOP */
COUNT6=2;
END;
ELSE
PUT SKIP LIST( INCORRECT TRANSMIT MODE-REENTFR:”);
END$ /* DO LOOP */
END TRANS2:

vt MR Mttt

END ETHERNET;/* ISO LAYER 7 MODULZ */
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APPENDIX I

SOURCE CODE FOR MODULE SENDAT2.PLI

SENDATA: /* PRESENTATION LAYER MODULE-ISC LEVEL 6 */
PROCEDURE;

DECLARE
/* LOCAL VARIABLES */
COUNT5A FIXED BINARY(7),/*LOOP CONTROL*/
DESTADDR CHARACTER(1),/* DEST ADDFEESS-USER INPUT*/
/* GLOBAL VARIABLES =*/
TRMODE  FIXED BINARY(?7) EXTERNAL,/*VAX CMD FLAG*/
VTERM FIXED BINARY(?) EXTERNAL,/*TERMINAL FLAG*/
FRSIZE  FIXED BINARY(15) EXTEERNAL,/*FRAME SIZE*/
/* GLOBAL DATA STRUCTURES */
TXBUFF(1508) FIXED BINARY(7) EXTERNAL;/*TEANS BUFF*/

/*LAST REVISION: ¢9/15/83-29¢¢ ORIGINAL PROGRAM:27/29/83%/
/*8UTHOR: CAPT. MARK D. STOTZER-USMC-AEGIS GROUP */
/*TIESIS ADVISCR: PROF. UNO R. KODRES-COMPUTER SCIENCE */

IF gggaﬁ= 1 THEN /* TERMINAL MODE */
]
CALL SENDMSG;
RETURNS
ENDS
IF TRMODE= 1 THEN /* VAX COMMAND MODE */
Do}
CALL SENDMSG;
RETURNS
ENDS
COUNTSA=1;
DO WHILE(COUNTSA=1);
PUT SKIP LIST( ADDAESSES ON THIS NETWOR
PUT SKIP LIST(’20-03~EA: MDS SYSTEM =
PUT SXIP LIST(‘00-24~-0A: MDS SYSTEM =
PUT SXIP LIST(‘29-87-7?F: VAX 11/78¢ =
PUT SKIP LIST('#************##********* *
PUT SKIP LIST(’ENTER STLECTION ==>");
GET LIST(DESTADDR);
PUT SKIP(2);
TXBUFF(1)=2; /*LOAD THE FIRST FOUR DEST ADDK BYTES*/
TXBUFF/2)=7;
TXBUFF'3)=1;
TXBUFF . 4)=3;




.........

IF DESTADDR="1" THEN
DO :
TXBUFF(5)=37/%L04D LAST TWO DEST ADDR RBYTES*/
TXBUFF(6)=234;
IP TXBUFF(7)=0 THEN/* SEND THE MSG*/
CALL SENDMSG;
ELSE
CALL SENDFILF;/*SEND THE FILE*/
COUNTSA=2;

IF DESTADDR="2" TEHEN
DOs
TXBUFF(5)=4:/*LCAD LAST TWO DSSTINATON ADDR 3YTES*/
TXRUFF(€)=123
IF TXBUFF(7)=¢ THEN
CALL SENDMSGSH
ELSE
CALL SENDFILES
COUNTSA=2}
END;
ELSE
IF DESTADDR="3" THEN
DO3
TXBUFF(S5)=73/LOAD LAST TWO DEST ADDE BYTES*/
TXBUFF(6)=127;
TRMODE=3;
IF TXBUFF(7)=@ TEEN
CALL SENDMSG;S
ELSE
CALL SENDFILES
CCUNTS5A=23
ENDJ
ELSE
PUT SKIP LIST( INVALID NET ADDRESS SELECTED-REENTER:”);
END; /* DO LOOP */

SENDMSG: /* MESSAGE SENDING MODULE */
PROCEDURE}S

DECLARE /* LOCAL VARIABLES */
/* SLOBAL VARIABLES */
¥RSIZE FIXED BINARY(15) EXTEPNAL,/*FRAME SIZE*/
TRMODE FIXED BINARY(7) EXTEFNAL,/*VAX CMD FLAG*/
JTERM FIXED BINARY(7?) EXTERNAL,/*TERMINAL FLAG*/
/* GLOBAL DATA STRUCTURES */
TXBUFF(15¢8) FIXED BINARY(7) EXTERNAL,/*TRANS BUF*/
RXBUFP(1522) FIXED RINART(7) EXTERNAL,/®RECV BUFF=*/
/* TXTERNAL MODULES */
FILBUF  EINTRY,/* LOADS TRANS.BUFFER FROM CONSOLE*/

72



- - C i
..............................................

g
-
{
1
]
'.
.‘

5 SENDFRAM ENTRY:/* ISO LEVEL 3 FRAME SENDER*/
IF YIERM=1 TAZN /% VIRTUAL TERMINAL MODE */
03
sl CALL FILBUF;
3 IF TXBUFF(9)=96 THEN

I RETURNS

s IF TXBUFF(9)=46 & TXBUFPF(10)=96 THEN /*END SESSION*/
VTERM=@; /*END TERMINAL SESSION*/

ELSE
CALL SENDFRAM;

= END;
3 ELSE
; D03

PUT SKIP LIST('MESSAGE SENDER: ’);
POT SKIP LIST( “MAXIMUM NUMBER OF CEAFACTEERS= )
PUT LIST(FRSIZE);
- PYT SKIP LIST(“ENTTR MESSAGE AFTER PROMPT: >°);
3 PUT SKIP LIST( END MESSAGE WITH ACCENT: ° 7)
- PUT SKIP LIST(’>’);

. CALL FILBUP; /*FILL TRANSMIT BUFFEE FROM CONSOLZ*/
" ENgALL SENDFRAM; /% SEND THE MESSAGE */
- :
2 END SENDMSGS

’
.
9

SENDFILE: /* FILE SENDING MODULE*/

‘ PROCEDURE:
% DRCLARE  /* LOCAL VARIABLES */
- COUNT4 FIX®TD BINARY(?),/*LOCP CONTROL*/
/* GLOBAL VARIABLES */

FILTYP FIXED BINARY(?) EXTERNAL,/*FILE NATURE*/
FNOP  FIXED BINARY(7) EXTERNAL,/*NOT OPEN FLAG*/
LFRM  FIXED BINARY(7) EXTERNAL,/*LAST DATA FLAG*/
/* GLOBAL DATA STRUCTURES */

TXBUFF(150€) FIXED BINARY(?7) EXTERNAL,

/* EXTERNAL MODULES */

VAXTXT ENTRY,/* CP/M TO VAX FORMAT CONVERTER*/
T2NDMA ENTRY,/*TRANSMIT SET DMA ADDRESS*/

OPENDF ENTRY,/*OPEN DISK FILE*/

RDISK ENTRY,/*READ DISK FILE RECCRD*/ .
SENDFRAM ENTRY;/*ISO LEVEL 3 FRAME SENDER*/ ]
/*LAST REVISION: 88/25/83-1530 ORIGINAL PRCGRAM:82/16/8% */ 1
/*AUTHOR: CAPT. MARK D. STOTZER-USMC-AEGIS GROUP */ .
/*THESIS ADVISO2: PRCF, UNO R. KODRES—~COMPUTER SCIENCE */ !

. TXBUFP(?)=15;/%* LOAD TYPE FIELD BYTES*/ R
¢ TXR0FF(8)=0; .
3 CALL OPENDF; ’

IF FNOP=1 THIN /*FILE NCT ON DISK*/
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D03
PUT SKIP LIST( FILE NOT ON DISK-REENTER DATA:’);
PUT SKIP(2);
RETURNS
ENDs
IF TXBUFF(6)=127 & FILTYP=1 THEN
CALL VAXTXT; /*VAX TEXT FILE FORMAT CONVEPTER*/
ELSE
DOj
CALL TRNDMA; /* SET DISK DMA ADDRESS*/
PUT SKIP LIST( “*%¥x¥%%x% FILE TRANSFER BEGINS *¥&#kx’);
PUT SKIP(2);
COUNT4=1;
DO WHILE(CCUNT4=1)3
CALL RDISK; /*RFAD A DISK FILE RECORD*/
[P LFEM =1 THEN
D03
CALL SENDFEAM;
TXBUFF(8)=1;/*ENCODE TYPE FLD=INTERMED FRAMEX*/
ENDS
ELSE
COUNT4=2}%
END;/* DO LOOP */
TXBUFF(8)=255; /*ENCODE TYPE FIZLD=LAST FRAME*/
CALL SENDFRAM:
PUT SKIP LIST( “#%x*%%x FILE TRANSFER ENDS *¥%%%x‘);
PUT SKIP{2);
RETURNS
END3
END SENDFILES

END SENDATA; /* ISO LAYEF 6 TRANSMIT MODULE */
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APPENDIX J
SOUPCE CODE FOR MODULE RECDATA.PLI

RECDATA: /* ISO LAYER 6 RECEIVE MODULE */
PROCEDURZS

DECLARE /* GLOBAL DATA STRUCTURES */
RXBUFF(1522) FIXED BINARY(7?) EXTERNALS/*KCV BUF®*/

/*LAST REVISION: ¢9/15/83-1215 ORIGINAL PROGRAM:28/17/83 */
/*AUTHOR: CAPT NARK D. STOTZER-USMC-AEGIS GROUP */

/*THESIS ADVISOR: PROF. UNO R. KODRES-COMPUTER SCIENCE */

IF¥ RXBUPF(17)= 2 THEN /* MESSAGE FRAME */
CALL CONMSG;
ELSE
IF PXBUFF(17)= 15 THEN /* FILE FRAME */
CALL FILERS
ELSE
PUT SKIP LIST(’RTCEIVED IMPROPERLY ENCODED FRAME’)]

CONMSG: /* MESSAGE RECEIPT MODULE */

PROCEDURE;

DECLARE  /* GLOBAL VARIABLES */
TRMODE FIXED BINARY(?) EXTERNAL,/*VAX CMD FLAG*/
FRSI2E FIXED RBINARY(15) EXTTRNAL,/*FRAME SIZE*/
VTERM  FIXED BINARY(7) EXTERNAL,/*TERMINAL FLAG*/
/* GLOBAL DATA STRUCTURES */
RX3UFF(1522) FIXED BINARY(?7) EXTERNAL,/*RECV BUF*/
/* EXTERNAL MODULES */
TRMSG ENTRY,/* ACKNOWLEDGE SENDER*/
EMTBUF EINTRY;/*DUMPS RECFIVE BUFFER TO CONSOLE*/

IF VTERM =1 THEN /* NOT IN VIRTUAL TERMINAL MODE*/
DC3
PUT SKIP LIST( “*%%kx%k RTCTIVED MESSAGE IS:”):
PUT SKIP(2):
END3
CsLL EMTBUF; /* DUMP THE RECVD FRAMT DATA TO CONSOLE #*/
CALL TRMSG; /* SIND THT ACK FRAME */
IF VYPERM =1 THEEN /*MOT IN TERMINAL MOLE*/
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D0;
PUT SKIP(2);
PUT SKIP LIST(’#*xxx END OF MESSAGE TEXT.’);
PUT SKIP(2);
PUT SKIP LIST( BACK IN WAIT LOOP-ENTERCCR> TO EXIT=>");
PUT SKI? LIST('*****************#************#*****#’);
PUT SKIP(2)3
END;
ELSE
IF RXBUFF(18)= 15 THEN /*LAST FRAME OF TERMINAL REPLY*/
PUT SKIP LIST(’V>’);

END CONMSG?$

FILER: /* FILE FRAME RECEIPT MODULF*/
PROCEDURE;S

DFCLARE /* GLOBAL VARIABLES */
TRMOD® FIXED BINARY(?) EXTERNAL,/*CMD FLAG*/
RECFIL FIXED BINARY (7) EXTEINAL,/*RFILE NO.*/
VT ERM FIXED BINARY(7?) EXTERNAL,/*TERM FLAG*/
/* GLOBAL DATA STRUCTURES */
1 RXFCB EXTERNAL,/*RECSIVE FILE CONTROL BLOCK*/
2 DISK FIXFD BINARY(7?),
2 FNAME CHARACTER(S8),
2 FTYPE CHA2ACTER(3),
2 TFCB(24) FIXED BINARY(?),
RXBUFF(1522) FIXED BINARY(7) EXTERNAL,/*RX BUF*/
/* EXTERNAL MODULES */
RCVDMA ENTRY,/*SETS RECEIVE DISK DMA ADDR*/
DELEDF ENTRY,/*DELETES FILESX/
MATXEDF ENTHY,/*™MAKES NEW DISK FILES*/
WRDISK FNTPY,/*WRITES A DISK RECORD*/
TRMSG ENTRY,/*SENDS ACK FRAMES*/
CLOSDF ENTRY;/*CLOSES DISK FILES*/

CALL RCVDMAS
IF RXBUPP/18)=¢ THEN /* FIRST FILT FRAMT */
bos
PUT SKIP LIST( “#=#%k#x® FILE 2ECEIPT BEGINS #mxkxx’);
PUT SKIP LIST(’ OCPFNING FILE- RECFROM_.NET:")3
PUT SKIP(2);
IXPCB.FNAME="RECFROM “; /*NAME THF RECEIVED FILE*/
RXFCB,*TYPE="NET !
RXFCP.TFCB(1)=3; /*2ZFRO THREE FIELDS OF FCB*/
RX¥CB.TFCB(4)=0;
IXFC3.TFCB(21)=0;
CALL DELEDF; /*DELFTE® OLD FILE OF THIS FN.FT*/
CALL MAKEDF; /*CREATE A NEW ONEX*/
CALL WRDISK; /*WRITE FIRST RTCORD(128 BYTES) TO DISK*/
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CALL TRMSG; /* STND THE FIRST ACK FRAME */

END;
ELSE
- IF %gBUFF(lB)al THEN /*INTERMEDIATE FILE FRAME*/
A ’
D, CALL WRDISK; /*WRITE NEXT RECORD TO DISK*/
*ég CALL TRMSG; /* SEND THE ACK FRAME */
2, END;
ELSE
. IF %ggnrr(ie)azss THEN /*LAST(DUMMY) FILE FRAME*/
]
;;f CALL CLOSDF; /*CLOSE THE DISK FILEx/
e PUT SKIP LIST( ‘*%%¥%&k END FPILF RECEIPT wadsssx’);
R PUT SKIP LIST(” SEE FILE(S):RECFROM_.NET’);
PUT SKIP(2);
) CALL TRMSG? /*SEND THE LAST ACK */
7§- PUT SKIP LIST(” NOTE:);
33 PUT SKIP LIST(’ ——————e ——————— ‘)3
Ky PUT SKIP LIST(’IF RECEIVED FILE IS A TEXT FILE FROM');
.. PUT SKIP LIST(‘THE VAX THEN REFORMAT USING:");
‘ PUT SXIP LIST(’'PIP FNAME.FTYPE=RECFROM_.NET[D8@] ");
L PUT SKIP LIST(’WHERE FNAME.FTYPE IS YOUR CHOICE’);
N PUT SKIP LIST(’ - ;
Ny PUT SKIP(2);
N IF VIERM=1 THEN
i3 D03
PUT SKIP LIST(’STILL IN VAX TERMINAL MCDE:");
vl PUT SKIP LIST(’V>”);
N ENDS
4 ELSE
e DO;
2PN PUT SKIP LIST( IN WAIT LOCP-ENTERCCR> TO EXIT');
PUT SXIP LIST ( # 33 2 g 306 aig e a4eale S 48 ik 48 X e 3¢ ofe 3 eole e afe e e e e e ks 4 }s
5 PUT SKIP(2);
321 END;
L END;
o FLSE
ki PUT SKIP LIST(’ FRAMF TYPT FIELD BYTE 2 INVALID CODE’):
i END FILER;
Jhe
é' END RECDATA; /* ISO LAYER 6 RECTIVE MODULE */
3
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APPENDIX K
SOURCE CCDPE POR MODULE ETHER2.ASM

5 238 0n 2k e 2 e ajeae e e e 24 8 256 e 26 2 e 3 e 2 e e 20 o e e e 3 Ak e e ke ok Xeoke de e e Aesle a3 e a0e ke de e e e Keoke ek K¢ e e
3 el s e 3je 3¢ 20e ek 25 3 e e 34 2t 3830820 23838 306 X 3¢ 266 3 298508 20¢ 30 ¢ 3930 240 3 e 2 38 20236 20 36 06 a0k 30K 26 230 35 3 ok 3 oK oK e 3k 3K ok SRk
5 30 3030 3 e 3% 2 256 2%e 538 e e e 2 236 e e e A 3¢ e alk 36 30 350 2R 26 3630 e 33 3c ek je 363k 338 24 35 e e 8 e e e e ae e e Aeake e e e ek

PROGRAM NAME:ETHFRZ2.ASM

THIS MODULE PERFORMS THE ISO LAYER 2 AND 3 FUNCTIONS IN

TRANSMIT AND RECEIVE AND PROVIDES THE ISO LAYER 7
FECEIVE MODULE

APPLICATION LAYER(LAYER 7):IN RECEIVE ONLY- WAIT LOCP
FOR FRAME ARRIVAL.

NETWORK LAYER{LAYER 3):TRANSMIT CR RECEIVE FRAMES
DATA LINK LAYER(LAYER 2):PROCESSES ACKNOWLEDGE FRAMES

IN ADDITION TO TEE LAYER 2 FUNCTIONS PERFORMED BY THE
NI321@¢ CONTROLLER BOARD.

THIS MODULE ALSO ALLOWS ALL OTHER MODULES TO ACCESS
THE CP/M-8¢ QPERRTING SYSTEM FUNCTIONS SHOWN BELOW

LAST REVISION: 29/16/83-10¢0 ORIGINAL PROGRAM: 28/14/83
AUTHCR: CAPT MARK D. STOTZER-USMC-AEGIS MODELING GROUP
THESIS ADVISOR: PROFESSCR UNO R. KODRES-COMPUTER SCIENCE

'
¢ e nale ool v e e el sleale ok 2ic otk e sk sieale e ok e 3k Xe sk o ek ek d4e s o e e o e e deale o0 e o e e e ke e e ke oK ke o e e

PU3LIC INIT? SU3RCUTINES AVAILABLE TO EXTERNAL MODULES:
PUBLIC RECEIVE

PUBLIC FILBUF

PUBLIC  EMTBUF

PUBLIC NULBUF

PUBLIC AWALT

PUBLIC TRMSG

PUBLIC  WRDISK

PUBLIC VAXTXT

PUBLIC SENDFRAM

PUBLIC PDISK

PUBLIC OPINDF

PUBLIC DELEDF

PUBLIC MAKZDF

PUBLIC CLOSDF

PUBLIC RCYDMA; MODULZS CALLED BY THIS MCDULE
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PUBLIC  TRNDMA
EXTAN ABECDATA
¢ NI3012 BOARD REGISTER PORT ADDRESSES:

CREG EQU 2eBZH; COMMAND REGISTER

SREG EQU @2B1HS COMMAND STATUS REGISTER

ISREG EQU 22B5H; INTERRUPT STATUS REGISTER

IEREG EQU 02B8H; INTERRUPT ENABLE REGISTER

EBAR EQU @0B9H; EXTENDED BASE ADDRESS REGISTER
H3AR EQU @OBAH; HIGH BASE ADDRESS REGISTER

LBAR EQU @@B3BH; LOW BASE ADDPRESS REGISTER

HBREG EQU @0BCH? HIGE BYTE COUNT REGISTEER

LBREG EQU @@EDH; LOW BYTE CCUNT REGISTER

3CP/M WARM BOOT ENTRY POINT:

EXIT EQU @002H; WARM BOOT-TERMINAL ERROR ESCAPZ
+BDOS EQUATES:

BDOS QU @¢¢5H; BDOS ENTRY POINT

$BDOS FUNCTION CODES:

CONSIN  EQU @1E; CONSOLE CHARACTEIR INPUT

CONSOUT XQU @2H; CONSOLE CEARACTER OUTPUT

PSTRING EQU ¢9H; PEINT STRING

CONSTAT EQU @BH? CIECK CONSOLE STATUS

OPENFIL EQU @FH; OPEN A DISK FILE

CLOSEF EQU 1033 CLOSE A DISK FILE

DELETE EQU 1307 DELETF A DISK FILE

READF EQU 14H; READ A DISK FILE RECORD-128 BYTES
WEITEF EQU 15H; WRITE A DISK FILE RECORD-128 BYTES
MAKEY QU 1€9; CREATE A NEW DISK FILE

SDMA EQU 1AR; SET DISK DMA ADDRESS

& e 2 346 00 28 e 20 38 3¢ 238 240 e 3 20 28 2ln 348 30 30 3 e 2 e e 24 336 38 306 e e e 2ie e age e e 3k e 2 e ofeale a6 356 ek e ok e A ek 3 k3
§ Asaieaie e 2l ofe 2peale afe 2640 oo ale e e e e e e e e e e e s e sjeae e ofg sieale el e o ke ek ol e ek Kedeale ek Aok e %

7 INIT- INITIALIZES INTERRUPT VECTOR AND NI3212 REGISTERS:

]
INIT DI
IN SREG; READ STATUS REGISTER TO CLEAR
MYVT A,@3FH; CLEAR NI3@1@ RECEIVE BUFFER
ouT CREG
CALL READ
MY I A,12R; SET UP INTERRUPT CONTROL
ouT OFDH
MY A,008
0uT oFCH
MY T A,8DF9; ENABLE INTS ONLY
0UT eFCH
MY T A,2C3H
STA 028K
LXI T,RECFRAM
SHLD 0¢29H
LX] H,ACK
MY1 A,@PFH; PRELOAD ACEKNOWLEDGE BUFFEIR
MOV M, A
X1 H,CEIEG; ENABLE ECTIVEI(IBA) INTIRRUPT
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o
By MY A,04E
Lo MOV M,A
cUT IERFG
y MY A,0SE; NI3012 ONLINE COMMAND
- ouT CREC
o CALL READ
:i% El
¥ RE?
H e 2008 20 3 30 2k 2l 02 300 20¢ 20¢ 3 2463 306 24830k e 200 30 2 33¢ 38k 3¢ 2 e 338 30 23¢ 3jeaie s 3k 336 248 3k 233k 23 e e e e 2 e 398 ahe 0k ek e 3¢ e 2l sie ok 2% 3k
Y N ele s ale als ale Ak a3l 28 3ol 3 ks ae 220t 3k 3 3¢ 3k 24c e e 3l ol 240 3 ek eaie e afe el e sieade Ak fealk e 3 i 2l alk aje e 2 e e ok afe e sfeak e ok
;}; i RECEIVE:1SO LAYER 7-WAIT LOCP FCR INCOMING FRAMES:
: 3o ’
b RECEIVE &I
A WAITLP NOP
NOP
% NOP
B o NOP
NOP
DI
LX1 H,FRAMIN
MOV A M
2 CPI @1H; HAS A FRAME ARRIVED?
gy INZ NOTYET
Q! CALL RECDATA
(A MYI A,@0H; RESET FRAME ARRIVAL FLAG
> STA FRAMIN
) NOTYET MVI C,CONSTAT
-2 . CALL BDOS
3 CPI @28
.4 RN2Z
3 EI
‘e JMP WAITLP
H e 20eale ol 3k 34 a0 2930 3¢ e ale 3l 2 a%% 23 3k ol ke afc 3¢ 3¢ ol 2 e sk e ol e ol Ak e 3k a3l ale s ol Ao ek Sieale 3k ke ke e e e e ol XA 34K 30 Ak e 3
Y H 2 e e 33 afe e 33e e e 2l e 3e e afe e 2fe e e e sie e e e e e e 20e 29 e e 0830k 2 38 e afe 3% wafe e K3k 36k ¢ ol 33 39c 338 e e 3¢ 3K e e e WAL
15 RECFRAM-PERFORMS ISC LEVEL 3 FUNCTION IN THE RECEIVE

MCDE:RECEIVES FRAMES AND TRANSFERS THEM TO MEMORY.
BANDLES ALL NI3@1¢ INTERRUPTS AND ENABLES.

.
]
[
]
.
14
L .
?

ECFRAM DI
PUSH PSwW
PUSH 3
PUSH D
PUSH g
LXI H,CEREG
MOV B,M
MYT A,00H
LXI H,CEREG? DISABLE NI3@12 INTERRUPTS
MOV M,A
0uUT IEREG
MOV A,3

MYI 3,04H
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RBA

RDD

FRERR

CMP
JZ
MVI
CMP
JZ
JMP
MYI
ou?T
LXI
MOV
ouT
MOV
0oU?T
LELD
LXI
DAD
MOV
ouT
MOV
ouT
LX1
MVI
MoV
ouT
JMP
LXI
MOV
cPl
JNZ
MVI
STA
LXI
MOV
CPI
JNZ
LXI
MOV
CPI
JNZ
MVI
STA
JMP
DI
LI1
MVI
MOV
cuT
LXI
CALL
LXI
CALL

B
RRA; RECEIVE FRAME INT WAS ENABLED
B,e7H

B

RDD; RECEIVE DMA INT WAS ENABLED
RDD2; IP TRANSMIT DMA INT WAS ENABLED
A,00H

EBAR

H,RBUPFT; TOP OF RECEIVE BUFFER
AB

HBAR

A'L

LBAR

FRSIZE

D,02168; ADD 22 To IT

D

ALH

HBREG

A,L

LBREG

H,CEREG

A,g?ﬂ: SET INT ENABLE TO ®RDD

M,

IEREG

FINI

H,RBUFFT; TOP OF RECEIVE BUFFER
AM

20H; TESTS FOR GOOD FRAME
FRERR? BAD RECVD FRAME

A,01H; SET FRAME ARRIVED FLAG
FRAMIN

B,RTYPE1l; TEST FOR RECVD ACK FRAME
AM

P08

RDD2

H,RTYPEZ

AM

PFFR

RDD2

A,918

ACKS ACKX FRAME RECVD

RDD2

H,CEREG

A,00H

M,A; DISABLE BOARD INTEREKUPTS
ITREG

D,FERMSGO

TXTOUT

D,TERAMSG

TXTOUT
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....................................

JMP EXIT; ESCAPE TO CPM )
RDD2 LXI B,CEREG :
MVI A,04E
MOV M,A; RESET INT ENABLE TO RBA
T 00T IERZG
2 FINI POP i
24 POP D
POP B
MVI A,220H; RESTORE INT PRIORITY
| ou?T @FDE
7! POP PSW
- Rl
'“" H *****#*******#*********#*#*****#***************#*****#*****
H e k2l e o s e e e 2l e ol e aie e i e dfe 3¢ 2l 3 e e e 2 29 308 34 28 e e e e e e 2ge e 2 308 3% 3w 089K 39 3 308 3¢ 3¢ Ak 234t K e e e A T
3 { PILBUP-PLACES CONSOLE INPUT MESSAGES INTO TRANSMIT BUFFER
foud H
§§ FILRUF LHLD FRSIZE; LOAD COUNT=FRAME SI2E
by XCHG
3 PUSH )
LXI H,TFDATA; LOAD ADDR =TRANSMIT DATA TOP
. PUSE :
; MSGLP MVI C,CONSIN; INPUT CONSCLE CHAR. ,
: CALL BDOS ;
S POP H y
ks POP D :
CPI @DE; WAS CARRIAGT REFURN INPUT? i
¥, INZ RDCP -
y PUSH E : YES :
N LXI H5,VTTRM; IN TERMINAL MODE?
N MOV AM
CPI g1E
JZ VTEND; THEN THIS IS END OF MSG.
¥ POP :
by MOV M,A; STORE THE CHAR.
i INX |
" MY1 A,2AH; ADD A LINE FEED
2 MOV M,A; STORE THE LINEFEED TOO
PUSH D
3 PUSH g
" MY 1 C,CONSOUT; OUTPUT IT TO CONSOLE
) MOV E,A
X} CALL BDOS
b POP :
POP D
NI JMP RDCON; CONTINUE TO READ THE BUFFER
- RDCP CPI P88 ; BACKSPACE=8=CNTL-H
- JzZ BACKS?P
: CPI 6¢H; GRAVE ACCENT='=END OF MESSAGE
- JZ SENT

MOV M,A; STORE THE CHAR.
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AR W

VTEND

RDCON

BACKSP

SENT

SENFIN

3 ks afeafeafe feafe afe e e s aje e 3 el e e e eade e afe e e ofeafe e s o e oo e e e e e e ek e e ae o ol e e e e ke e X e Sk
§ seainale aak s o ol 2 sieafe e e e e 3¢ e e aleale e e e e e e s et e o 2teale e feaie e ik ale ek 340 e e e o 2k e Xe e o 36 x4 e

REICAN ARSI R R S X s A

DCX
MOV
ORA
JINZ
PUST
LXI
CALL
POP
MVI
JMP
PUSH
INX
PUSH
JMP
INX
PUSH
DCX
PUSH
JMP
MCV
PUSH
LXI
MOV
CPI
JZ
POP
MYI
MOV
CALL
RET
POP
CALL
RET

D} DECREMENT THE COUNTER

A,D
E

RDCON; IF¥ CTR NOT ZERO THEN CONTINUE READ

H

D,LONGMSGSERROR MSG:TOO MANY INPUT CHAR.

TXTOUT

g3 TERMINAL MSG IN BUFFER-DONE

A,60h

SENT

D3 CCNTINUE BRANCH

H

H

MSGLP; GET ANOTHER CHAR
D
D
H
H
MSGLP; GET ANOTHER CEAR
M,A; STORE THE CEAR

H

D,DADDF; LAST ADDR BYTE
AM

@7FH; IS VAX =DESTINATION?

SENFIN
B
A,008

M,A7 SOTRE A NULL IN PLACE OF ACCENT

ECLN

q
ECLN

{ EMTBUF-DUMPS RECEIVE BUFFER TO CONSOLE:

14
EMT3OF

CCNLP

LELD
XCEG
PUSH
LXI
MVI
MOV
PUSH
CALL
PQP
POP
DCX
MOV
ORA
JZ

" FRSIZE

D
H,RDATAT; TOP OF RECEIVE BUFFER
C,CONSCUT; CHAR TO CONSOLE

E,.M

o
(@]
w

t=) = 3 3 23 40 1)
L=/

B

-

81

'SGDONE} IF COUNT=FRAME SIZE-DONE
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PUSH

INX q

JMP CONL?
MSGDONE CALL SOLN

CALL TOLN

RET
§ 300 30 300 30 e o e 0 R 350 06 a0 K6 2 25 22 20 30 355 e 40 36 e 24 e 4% 3k 34k 343 2 e e e ale 3 o5 298 2 388 3582 3 300 346 3 a0 2 0 e e o e e e e ok
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3 VAXTXT-CONVERTS CPM FORMAT TEXT FILES TO VAX FOEMAT:

1
VAXTXT CALL TOLN
MV C,OPENFIL; OPEN THE DISK FILE
LX1I D,FCBIN
CALL BDOS
CPI @FFH; TEST IF OP3EN SUCCESSFUL
Jz FERR1
MYI C,SDMA; SET THE DISK DMA ADDRESS
LXI D, TXTTOP
CALL BDOS
LXI D,TRMSG1
CALL TXTOUT
CALL FOLN
1XI H,TXTTOP; TOP OF TEXT BUFFEER
PUSH H
LXI D,TFDATA; TRANSMIT BUFFER 1ST DATA BYTE
PUSH D
MV I 3,@¢H; BYTE CTR=0
PUSH -]
CALL NULBUR; FILL TRANSMIT 3UFFER WITH 0@ HEX
READREC MVI C.READF; RFAD A DISK FILE RECORD=128 BYTES
LXI D,FCBIN
CALL 3D0S
CPI 20H; IS THIS LAST RECORD?
INZ ENDRD
RDLPA POP P
PCP 2
POP g
INR 2% INCREMENT COUNTER
MOV A,B
CPI @81E;=129 LAST BYTE THIS RECORD
JZ 2EAD2; GET ANOTHER RECORD
MOV A M
CPI @DH; CRET?
JZ SKIP2
CPI 2AH; LPEED?
JZ SEIP3
g xcic
o MOV M, A
< Xc36
2 INX g

INX D

...................

......
..........
......................



!
4
PUSE E ]
PUSH D ]
PUSH B J
JIMP RDLPA
SKIP2  INX 9; IF BYTE=CRET TYEN SEND THE FRAME 3
PUSE : !
LXI D,TFDATA ,
PUSE D i
' PUSH B
CALL SENDFRAM; SEND IT
CALL NGLBUF; NULL THE BUFFER AGAIN
MV I 8,014} SET TYPE FIELD=INTERMED FRAME
STA TTYP2
JMP RDLPA; READ NEXT BYTT AFTER SKIP CRET
SKIP3  INX H; IF LINEFEED THEN SKIP AND RFAD MORE
PUSH :
= PUSE D
» PUSH B
X JMP IDLPA
READ2  LXI E,TXTTOP; IF CTR >128 THEN GET RECORD
PUSH 3
INX D '
PUSHE D :
MY I B,0¢H; RESET BYTE CTR X
PUSE P :
IMP READREC GET THE NEXT RECORD f
ENDRD  MVI A,@FFY i
STA TTYP2 "
) POP 3 3
L POP D ]
g POP : 1
CALL SENDFRAM ]
LXI D,DMSG
CALL TXTOUT
o AET i DONE
% FERR1  LXI D,ERMSG; ERROR MSG-FILE NOT OPEN
- CALL TXTOUT
ET

o e e 208 240 20 330 33028 3e Sl e o4E 2 240 3 2 25 24 3 v e 3 e ek e Ae e e e Ak e ek e e afe ek e e sfe e ek e X Kee g sk
§ eotkaie el ale e i e eade e e ie 32 o e afe 3 ofe e e e sbe e e e e et s e Sz e ok e e e e e e e e e e e e e 3 e ek e e o

ISO LEVEL 3 TRANSMIT FUNCTION-SENDFRAM:
SENDFRAM-SENDS FRAMES ON THE ETHERNET:

“-e we wo we

SENDFRAM DI

[~ LOCP1 LXI H,CEREGS LCOP UNTIL ENABLE REG= 2 OR 4
A MCY AM

k- CPI L

S JZ GO

CPI 949

JZ GC

-
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.
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5
A

)

g |

r
.;'

3°
\w‘;

3

a
»

) A

L Ta o feal
] ’) p

»A

GO

GOl

COMP

VTCON

3 §
JMP

LXI
MOV
CPI
JZ
CPI
J2
FI
JMP
MVI
LXI
MOV
ouT
EI
MVI
QUT
LX1I
MOV
0uT
MOV
ouT
LHLD
LXI
DAD
MOV
0U?T
MOV
0ouT
DI
MVI
LXI
MOV
ouT
El
HLT
LXI
MOV
CPI
JZ
DI
LXI
MOV
CPI

LxI
CALL
El
MVI
DI

.............

LCOP17 KEEP CHECKING

H,CEREG
AM
]
GO1
248
GO1

LOOP1; IF CHANGED GO BACK TO LOOP
4,00H

H,CEREG? DISABLE NI3@1@ INTERRUPTS
M,A

IEREG

A,20H; LOAD TRANSMIT ADDR/BYTE COUNT
EBLR

H,T?BUFFT? TOP OF TRANSMIT BUFFEx
A,B

HBAR

A,L

LBAR .

FRSIZE; SET TRANSMIT FRAME SIZE
D,2008HF ADD 8 TO IT

D

A,H

HBREG

A,L

L3REG

A,06H

H,CEREG; ENARLE TRANSMIT(TDD) INIERRUPT
M,A

IERTG

i WAIT FOR THE INTERRUPT
H,CEREG
AM

@685 HAS TDD INTTRRUPT ARRIVED?
COMP

H,VTERM

A,M

O1Hs VIRTUAL TERMINAL MOTE?
VTCON

J,MSG1

TXTOUT

A,229H; NI321Q LOAD TRANSMIT AND SEND CMD.
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ouT CREG
CALL TRREAT

LXI H,ACK; SET ACK TO SENT

MV I A,00H

MOV M,A

El

CALL AWAIT; WAIT POR ACKENOWLEDGE FRAME
RET

§ 200200 .20 e 36 208 3030 206 3403 2k 20 230 20034 3 3 6 2 e 3 30 2 330 208 3 2 3 2863 35 390 e 2 2 2 2 38 ke ek e e e e 3 30 e 35 e 3 3k e e Ak 3
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7 ISO LEVEL 2 ROUTINES: AWAIT(TRANSMIT) AND TRMSG(RECEIVE):

e afeate s e 2 e o sl s e et e o e el e o o e el o ofe e o el e s st ok o R A el Neoe o et e oK
? AWAIT-WAITS FOR RETURN OF ACENOWLEDGE FRAMES:

AWAIT LX1I D,¢Q¢@FH; FIRST TIMER LOOP COUNTER
TRNLP LXI B,2FFFFH; INNER LOOP
TRNLP1 LXI H,ACK

MOV AM

CPI @1H} RECEIVED ACK YET?

JZ BACK

DCX B

MOV A,C

ORA B

JNZ TRNLP1

DCX D

MOV A,T

ORA D

JINZ TENLP

LX1 D,TIMMSG; TIMED OUT-ABORT

CALL TXTOUT

LX1 D,TERRMSG

CALL TXTOUT

JMP EXIT; ESCAPE TC CPM
BACK MVI A,QFF3; RESET ACK FLAG

STA ACX

MYI A,00QH; RESTET FRAME ARRIVAL FLAG

STA FRAMIN

RET
§ Moo aje e o o 2 e 2 35 2 e 2 3634 X e 3¢ e 3 e 2 a3 2 ok e afe i ek aje 3k e a3 e a3 3k ajc e e e e ek e e ook Re e e Aok

3+ TRMSG-SENDS ACKNCWLEDGE FRAMES IN RECEIVE MCDE:

?
TRMSG MVI C,0345 CTR=3
LXI H,SRCADDD
LXI D,DADDD
LooP2 MOV AM
ICHG
MoV M, A
XCHG
DCR ¢
JZ LDCONT
85




|y AN e v B it 2o b or Bs A od Bt R PR A Bade Baite e et dibeal ot Sl AL SA0R il bt AP LA IR AR LB IR ISL LI
N INX H
~ INX D
& JMP LOOP2
LDCONT  MVI A,P2CH; RESET INTERRUPT PRIORITY
5 ouT ¢FDH
» MYI A,008
. ouT ERAR
b4 X1 H,TBUPFT
- MOV ALH
N ou?T EBAR
;,‘ P‘O Y A ’ L
- ouT LBAR
N LHELD FESIZE
- Xl D,0008H
DAD D
N MOV AH
- ouT HEBREG
o MOV AL
N ouT LBREG |
NN MY A,PPH; LOAD TYPE FIELD=ACK FRAME
: STA TTYP1
; MV1 A,@FFH; ACK FRAME
S STA TTYP2
W MVI A,26H; ENABLE TDD INTERRUPT
> LX1 H,CEREG
\" Mov M ’ A
i ouT IEREG
v EI
% LT { WAIT FOR THE INTERRUPT
L DONE LXI H,CEREC
i3 MOV AM
b CP1 @6H; TRANSMIT DM2 DONE?
- JZ DONE
Y DI
'y MY A,229E; LOAD TRANSMIT AND SEND COMMAND
o oUT CREG
s- CALL TRREAD
: RET
— H ***t#**"********##********#***##**#***#*******************
- H o0 990 3¢ e 308 30 3 350 386 30 30 3¢ 35e34e 2k 30 398 39K e 34k 20z ade a0 34c e 3fe e 34< e A e steale 3k steale aie e ok Neate A e ok e e ae e 2k e e e e ok %
1 : OPERATING SYSTEM SUBROUTINES:
o7, ;
7 ADISK MV I A,PCE; READS A DISEK FILE RECORD=128 BYTSES
& STA LFRM ; PRFLOAD LAST FRAME FLAG
- LXI D,FCRIN
2 MY 1 C ,READF
b CALL BDOS
' ggr @2E; =NOT LAST FRAME
MVI A,C1H;=LAST FEAME

STA

LFRM

.........
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RET
¢ eiele e el sl o e e e e e e o i et e o o o e e el e 3 s 2 e e ol s ol e o o 0 0l Xee e e e %
WRDISK  MVI C,WRITEF;WRITES DISK FPILE RECORD-12&8BYTZS

LXI D,FCROUT

CALL B3DOS

CPI 20

JNZ DWERR

LI D,WRMSG

CALL TXTOUT

RET
DWERR LXI H,CEREG

MVI A,029; DISABLE BOARD INTERRUPTS

oUT IEREG

LXI D,DWMSG

CALL TXTOUT

JMP EXIT; ESCAPE TO CPM
3 st afe o i o ool 40 eofe e e e o o o K e ot e e ke el ek e o e e NS Kol A A ol ke o o oK SRR R
OPENDF  MVI A,2?H; OPENS DISK FILSTS

STA FNOP

LXI D,FCEBIN

MVI C,OPENFIL

CALL BDOS

CPI 2FFH? OPENING EFRROR

}NZ

MVI A,d1H

STA FNOP

RET
3 ol e s e o s oo 6 K 3 Rl o i el e e o oA 6 3 e 3 e e ale e X e 0 e o ol o e 6 e e e e e ke
DELEDF LXI H,RECFIL; DELETES EXISTING DISK FILES

MOV AM

INR A3 INCREMENT RECEIVED FTILE NUMBER

STA RECFIL

STA FCBOUT+8

LXI D,FCBOUT

MVI C,DELETZ

CALL BDOS
;*#****##&23**#***#*********#**#*****#***********#**********
MAKEDF LXI D,.FC30UT; MAKES 4 NEW DISK FILE

MYI C,MAKEF

CALL BDOS
;****#*m*igg**********#v:******#******#*#*******************
CLOSDF  LIXI D,FCBCUT; CLOSES A DISK FILE

MVl C,CLOSEF

CALL 3D0S

RET
§ At c s e o sk o el oo e e e i ok o e e e s sl el e stk s e Ree ol e ok e el e A e e e o e
RCVDMA  LXI D,RDATAT; SETS DISK DOMA FOR RECEIVE MCLE

MVI C,SDMa

CALL 3D0S

87

Ya- 4 & & a.a




3
[
)
-
.
4
>
v
[}
=,
4
[ 4
2

34
4

]
"
. RET
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& TRNDMA  LXI D,TFDATA} SETS DISK DMA ADDR FOR TRANSMIT
MVI C,SDMA
CALL BDOS

3 Xea0eale afe 2 a3 s 3 2t a3k ade 200 238 e 3 e 28 20 3 o 3 2 e ok a9 0 230 e e afede e e eade 3 9eske ae o aje dale 256 e sfesie e age e deale k de ok e ok
5 daale o e afe 2 2l 3k eafe 3ol 248 e ae 2 afe 2 ek a4 o 2 o e o ok e e e sieafe ok e i sk Ao aje sie e sipalk ok sfesieale ool ek v A e

) UTILITY SUBROUTINES:
READ-READS THE COMMAND STATUS REGISTER AFTER EACH COMMAND:

o PPl
LA A A

-9 we wo

o
ey READ MVI B,111111108
-3 MYI C,0¢8
Y STLP IN ISREG
ORA B -
v CPI @FFH; STATUS REZADY TO BE REAu?
48 INZ STLP
B IN SRES
e CMP c
£ J2 STDONE
| JMP ERROR
nd TRREAD  MVI B,11111110°P
N STLP1 IN ISREG
. ORA B
e - CPl gFFH
, INZ STLP1
IN SREG
. CPI @oH
2 J2 STDONE
i CPI 21H
3 ' J2 STDONE
. ERROR 1X1 D,EMSG
CALL TXTOUT
& STDONE  RET
'3 ;***********t#****#**********t****#*##***#*##******#****#***
o i TXTOUT-OUTPUTS TEZXT STRINGS TO THE CONSOLE:
Ex: :
3 TITOUT  MVI C.PSTRING
CALL BDOS
o CALL EOLN
e RET
;j ;*#**t***#****#***#********#****##*#**********************##
3 ; EOLN-GENERATES CARRIAGY RETURN + LINE FEED:
- ]
_ EOLN MY I C,CONSOUT
- > MV I E,0DE
k{: CALL BDOS
3 MVI C,CONSOUT
e . MVI E,0AH
b CALL BDOS
RET
{‘:
h
o~ 88
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} NULBUF-FILLS THE TRANSMIT BUFFER WITH NULLS(2@ HEX):

’
NULBUF MVI C,0080H; CTR=128
LXI H,TFDATA
NULLOOP MVI A,003
MOV M,4
DCR C
RZ
INX B
JMP NULLOOP

§ I adeole 3l sfeale ofe aeale e s ke sfe o alealk e ok e e e e e 35e e e e ke ofe e 3 o9 3k 340 46 239 3¢ e e 2k e 33 e e AR e AR e AR e o e X
$ e aicate e age e o e e 3 2k e 2902 e 30 4 3k sk e 33c 3e 200 e e e e e e e e 3936 e e e 3iesie e e s e e e e e e e e e e Hedke oK A

+ STORAGE ALLOCATION:

]

FRAMIN DS 1 § FRAME ARRIVAL PLAG

CEREG DS 1 § COPY OF INTERRUPT ENABLE REG VALUE
; NEEDED MESSAGES:

TRMSG1 DB ‘kkxkk% PILE TRANSFER SEGINS *kkdws”’
DMSG DB *%x%x% FILE TRANSFER COMPLETE ssiks
ERMSG DB FILE NOT ON DISKS’

NORESMSG DB ON RESPONSE FROM VAX-EXITING TO CPMs”
LCNGMSG DB ‘MAX CHARACTER LENGTH REACHED-MSG SENTS”
TERRMSG DB “UNRECOVERABLE ERROR-EXITING TO CP/M$°
TIMMSG DB “TIMED OUT-ABORTING TRANSMISSIONS’

EMSG D3 N13010 COMMAND FAILEDS

MSG1 DB ‘TXS”

FPERMSG? DB RECFIVED BAD FRAMES’

WRMSG DB ‘RXS$”

DWMSG DB DISK WRITE ERROR-DISK FULLS”
COMMON/TXFCB/

FCBIN DS 36; TRANSMIT FILE CONTROL BLOCK
COMMON/RXFCB/

FCBOUT DS 36; RECEIVE PILE CONTROL BLOCK
COMMON/TXBUFF/

TBUFFT DS 1 § TRANSMIT BUFFER TOP-1ST D®ST ADDBYTE
DADDB DS 1 ; SECOND DEST ADDR BYTE

DADIC DS 1 3 THIRD DEST ADDR BYTF

DADDD DS 1 § FOURTH DEST ADDR BYTE

DADDE DS 1 3 FIFTE DEST ADDR BYTE

DADDF DS 1 ; SIXTH DEST ADDR RYTE

TTYP1 DS 1 ; FIRST TYPE FIELD BYTE

TTYP2 DS 1 3 SECOND TYPE FIELD BYTE

TFDATA DS 1500; DATA FIFLD MAX SIZE
COMMON/RXBUFY/

RBUPPT DS 13; RECEIVE BUFFER TOP-FRAME CHECK EYTE
SRCADDD DS 1 ; FOURTE SRCE ADDR BYTE

SRCADDE DS 1 3 FIFTH SRCE ADDR BYTE

SRCADDF DS 1 5 LAST SRCE ADDR BYTE

RTYPE1 DS 1 ¢ FIRST RECVD FRAME TYPE FLD BYTE
RTYPE2 DS 1 5 SECOND RECVD TYPE FLD RYTE

..........................
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RDATAT DS
CRCBYT DS
COMMON/TXTBUF/
TXTTOP DS
COMMON/FRSI2E/
FRSIZE DS
COMMON/ACX/
ACK DS
COMMON/FNOP/
FNOP DS
_OMMON/LFRM/
LFRM DS
COMMON/TRMCDE/
TRMODE DS
COMMON/FILTYP/
FILTYP DS
COMMON/RECFIL/
RECFIT DS
COMMON/VTERM/
VTERM DS
END:

15ees

4

|

1283

2
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1

[
14
.
’
'3
?
.
?

3
'
L
L

ASSEMBLY

..............
...................

RECVD DATA FIELD MAX SIZE
CRC FIELD

VAX TZXT TEMP BUFFER

ACTUAL FRAME DATA BLOCK SIZE
ACKNOVWLEDGE FLAG LOCATION
FILE NCT OPEN FLAG

LAST FRAME FLAG

VAX TRANSMIT FLAG

TYPE OF FILE TO SEND
RECEIVED FILE NUMBER

VIRTUAL TERMINAL SERVICE FLAG
LANGUAGE MODULE ETHER2.ASM

9 Mea 25e e 20006 30 238 e 240 296200 246 X e e e 20 00 200 e 8 30 24 24 48 3 30 38 3 e 38 30¢ 2 200 e k2 20 3 34< 2¢ le 26 36 e e e 36 e e ek e e A Ne Sy
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APPENDIX L g
TEST PROGRAM USER INSTRUCTIONS

The Ethernet hardware test programs, ZTHTESTA and

ETHTESTR, are used in the manner below:

H 1. Invoke either proRram using normal CP/M-80 procedures.
£y
f 2. Both programs first command the NI3212 to run it’s

built-in diagnostic tests and report failures to the
f user via the console. The codes that ETHTESTB will
k& display as ASCII letters are encoded as noted at the
ﬂ end of the ETHTESTB.ASM source listing.
> 3. Next, both prosrams ask the user to input a short line

of text that the programs use in testing the integrity
Iy of the essential data paths of the NI3@14. Program
’ TTHTESTE will asx the user for a second text line :
A input because it performs one more test than ETHTESTA. ;
S The maximum number of characters per line is 42 and .
Y the line must be ended with a grave accent: . L

o

i 4. The tests are successful if no error indications are A
5 displayed on the conscle arnd the text typed ir is b
o, shown on the console exactly as it was entered after 9
‘: each data path input. o]
'] A
EN ‘4
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ETHERNET.COM are as listed bdelow:

1.

2.

by the user, the program will do the following:

1.

The irstructions for use of the communication program

Invoke the prozram ETHEENET usinz normal CP/M-g3

procedures.

The program will then ask for the selection of:

A. The disk drive number to write any received files
to.

B. The desired number of data bytes per Ethernet
frame.

C. The network service desired. The choices are:
1. Send messages or files.
2. Receive messages or files.
3. Virtual terminal service with the VvaAX.
4. Command file transfers to or from the ViX.
8. Disconnect from the network.

Depending on which of the abtove services is requested

Send a file or message: The program will ask the user
to specify which one and, depending on the response.
will do the following:

If message sending is selected, the prongram will:

A.

N

COMMUNICATION PROGRAM USER INSTRUCTIONS

1'
2.

3.

If file sending is selected, the program will:

1'
2.
3.

L

...............................

APPENDIX M

Ask the user to choose the network address of
the destination.

Then ask the user to input the message itsel?.
The maximum message size is determined by the
previously selected data block size. The last
character entered in order to transmit must be
a zrave accent character: " ",

The message is then sent and upon successful
receipt by the destination host the program
restarts.

Ask the user {f the file is a text or machirn=
code file.
Ask the user to specify which disc the file is
located on.
Ask the user the filename and filetype of the

22
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file.

4. Ask the user to specify the network address of
the destination.

5. Upon successful transmission of the entire
file the program will restart.

Receive a file or messaze: The proeram will, upon
selection of this mode, wait in a loop for any
transmissions aidressed to it to arrive. After the
receipt of any file or message, the program will
return to the wait loop. This feature allows the
user to leave the system unattended and then send
multiple files and/or messages to it from another
network host. The vrozram numbers files in the
order they are received beginning with RECFRCM3 .NET,
etc. Text files received from the VAX must be ruzn
through the CP/M PIP utility as follows: .

PIP newfilname.filetype=RECFROM_.NET([D8G]" which will
chop off unneeded characters. The user can exit the
wait loop to return to the abtove menus by enterirg
a carriage return.

Terminal service with the 72X 11/782: The program will
display a set of instructions to the user concerning
the operation of the program in this mode. The user
can input text after each V-prompt (V>) appearance.

To exit this mode, the user must enter a period (.)
follcwed by a carriage return immediately following
any V-prompt (V>). Upon exiting this mode, the
progzram returns to the besinnin® user menus.

Command VAX file transfers: This mode allows the
INTELLEC sys.em to command the VAX to either sead or
receive files by sending it specially coded messagzes.
The procedure is as follows:
A. Downloading VAX files:
1. The user must enter the message:
!VAX filename.VAXfiletype/TXT or EXE
2. The specified VAX file will then be sent to
the requesting unit.
3. In the above message, TXT refers to text and
PX® refers to machine code files.
4, After the file receipt is completed, the
puser can exit the wait loop by enterinz a
carraige return,
B. Uploadine VAX files:
1. ghe user must enter the message: .
@VAX filename.VAX filetype/TXT or EXE®
2. The above message opens a file by the adbove
filename and filetype on the VAX. The VAX
will reply: Ready for sendfile FN.FT and the

1)
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program will be in the receive wvait loov.

3. The user must then enter a carriagze return to
the bdeginring of the prokram and then follow
tge normal file sending procedures as noted
above.

Disconnect from the network: Selection of this mode
causes the prozram to return control to the CP/M-&2
operating system.

The other features of this program are as follows:

Error handling: The below listed transmission or

reception errors will cause the prozram to display

error messages and return to CP/M-80:

A, Receipt of a bvad frame.

B. Receipt of a frame that has an improperly enccded
type field.

C. Acknowledge frame not received by the sending host
in a 2ziven time frame (Source timed out).

D. Receipt of a file larger than the disk space
remaining (Disk full).

Svecial instructions for IAPX 432 files that must boe
transferred from the VAX to an INTELLEC system running
the Intel ISIS-II operating system:

A. These special #°les can only be transferred using
the VAX comma - node. The VAX/VMS program
ETHERNET.EXE must be invoked on the VAX in order
for this transfer to bde successful.

3. The procedure is as follows:

1. After downloading the file to the INTELLEC
doudble density system using ETHERNET.COM and
CP/M-82, the user must rename it from the
name assigned to it by the receive program to
it“s orizinal name.

2. The user must put the CP/M-8€ disk in drive A
which must have stored on it both the renamed
file and the prozram TOISIS.COM.

3. The user muvst then insert an ISIS-II disk into
drive B.

4. The user then, while logged on drive 4, must
invoke TOISIS filename.filetype. This will
convert the program on disk A to the ISIS-II
format and store it on disk B.

5. The user must then remove the CP/M-82 disk in
drive % and replace it with the disk from
drive B.

6. The last step is to reboot the INTELLEC
system under the ISIS-II operating system
and proceed with the IAPX 432 procedures.
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